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The Appellants appeal the rejection of Claims 6-8 and 11-17 in the above-captioned 
patent application. These claims were rejected in a final Office Action dated June 14, 2005. 
Appellants mailed a Notice of Appeal September 13, 2005. 

I. REAL PARTY IN INTEREST 

Pursuant to 37 C.F.R. 41.37(c)(1), Appellants hereby notify the Board of Patent Appeals 



and Interferences that the real party in interest is the assignee of record for this application, 3 ^ 

o 

Genentech, Inc., 1 DNA Way, South San Francisco, CA 94080. ~ 

II. RELATED APPEALS AND INTERFERENCES Z 

A Notice of Appeal has been filed in the related Application Nos. 10/063,519; g 
10/063,534; 10/063,560; 10/063,586; 10/063,587; 10/063,592; 10/063,617; 10/063,661; and g g 



10/063,713. A Notice of Appeal and an Appeal Brief have also been filed in the related ^ « 
Application Nos. 10/063,530; 10/063,540; 10/063,578; 10/063,584; 10/063,616; 10/063,648; 3 s 
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10/063,652; 10/063,653; 10/063,659; and 10/063,660. Appellants are unaware of any other 
related appeals or interferences. Appellants are unaware of any other related appeals or 
interferences. 

III. STATUS OF THE CLAIMS 

The above-captioned application was filed with Claims 1-13. Claims 1-8 were amended 
and Claims 9 and 10 were canceled in an Amendment and Response to Office Action dated 
September 22, 2004. On April 1, 2005, Appellants filed an Amendment After Final and Request 
for Continued Examination, canceling Claims 1-3, amending Claims 4, 5, 12 and 13, and adding 
new Claims 14-17. Appellants mailed an Amendment in accordance with 37 C.F.R. § 1.1 16(b) 
along with the Notice of Appeal on September 13, 2005, where the amendment canceled Claims 
4 and 5, and changed dependency of Claim 12 in view of the claim cancellation. Accordingly, 
Claims 6-8 and 11-17 are the subject of this appeal. The claims at issue are attached hereto as 
Appendix A. 

IV. STATUS OF AMENDMENTS 

Claims 1-8 and 11-13 were finally rejected by the Examiner in a final Office Action 
mailed December 13, 2004. Appellants mailed a Response to Final Office Action on February 
10, 2005, where no claims were amended, added or canceled. The Examiner issued an Advisory 
Action dated March 8, 2005, which did not indicate whether or not the evidence submitted in the 
Response to Final Office Action mailed February 10, 2005 would be entered for purposes of 
appeal. On April 1, 2005, Appellants filed an Amendment After Final and Request for 
Continued Examination, canceling Claims 1-3, amending Claims 4, 5, 12 and 13, and adding 
new Claims 14-17. The final Office Action mailed June 14, 2005 indicated that the Amendment 
mailed April 1, 2005 was entered. Appellants mailed an Amendment together with the Notice of 
Appeal on September 13, 2005. In an Advisory Action dated October 12, 2005, the Examiner 
indicated that the Amendment mailed September 13, 2005 had been entered into the record. 

V. SUMMARY OF THE CLAIMED SUBJECT MATTER 

Independent Claims 6 and 14 read: 

6. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 78; 
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(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78, lacking its associated 
signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240. 

14. An isolated polypeptide having at least 95% amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide SEQ ID NO: 78; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78, lacking its associated 
signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240; 

wherein said isolated polypeptide or a fragment thereof can be used to generate an 
antibody which can be used to specifically detect the polypeptide of SEQ ID NO: 78 in lung or 
stomach tissue samples. 

Various aspects of the claimed polypeptides are described in the specification at, for 
example, paragraphs [0012]-[0017], [0021], [0023], [0026], [0104], [0198]-[0208], [0221], 
[0225], [0229], [0231], [0247], [0253]-[0271], [0280]-[0282], [0336], [0364], [0367], [0369], 
[0454]-[0499] and [0530], and Figure 78. SEQ ID NO: 78 is disclosed in the Sequence Listing 
appended to the application. 

VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL AND GROUPING 
OF THE CLAIMS 

The Examiner has rejected Claims 6-8 and 1 1-17 under 35 U.S.C. § 101, stating that the 
claimed invention is not supported by either a specific and substantial asserted utility or a well- 
established utility. 

The Examiner also has rejected Claims 6-8 and 11-17 under 35 U.S.C. § 112, first 
paragraph, as lacking enablement. The Examiner asserts that since the claimed invention is not 
supported by either a specific or substantial asserted utility or a well-established utility, one 
skilled in the art would not know how to use the claimed invention. 

The Examiner also has rejected Claims 12-17 under 35 U.S.C. § 1 12, first paragraph, as 
lacking written description. The Examiner argues that the claims contain subject matter that was 
not sufficiently described in the specification. 

The Examiner also has rejected Claims 6-8 and 1 1-17 under 35 U.S.C. § 102(b) as being 
anticipated by WO 01/16318 or WO 00/12708. The Examiner asserts that these publications 
disclose all claim limitations. The Examiner states that the cited references are properly prior art 
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because the instant specification and priority documents do not meet the requirements of 35 
U.S.C. § 1 12, first paragraph, and, therefore, the claims are not entitled to the benefit of priority 
to the earlier filed applications. 

Claims 6-8 and 11-17 can be considered as a group for purposes of the utility rejection. 
Claims 6-8 and 11-13, Claims 14, 16 and 17, and Claim 15 can be considered as separate groups 
for purposes of the enablement, written description and anticipation rejections. 

VII. APPELLANTS' ARGUMENT 
A. Summary of the Arguments 

1. Utility Rejection 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility" for the claimed invention. See Examination Guidelines, 66 Fed. 
Reg. 1092 (2001). Appellants have asserted that the claimed polypeptides related to the 
polypeptide of SEQ ID NO: 78 (the PR01357 polypeptide) are useful as diagnostic tools for 
cancer, particularly for lung and stomach cancer. This asserted utility is specific, substantial, and 
credible. 

Briefly stated, Appellants' asserted utility is based in part on the disclosure in Example 
18 of the instant application that the mRNA encoding the PR01357 polypeptide is more highly 
expressed in normal stomach and lung tissue compared to stomach and lung tumor, respectively. 
It is well-established that there is a reasonable correlation between changes in mRNA level for a 
particular gene and a corresponding change in the level of expression of the encoded polypeptide, 
such that increasing or decreasing the amount of mRNA for a particular gene leads to a 
corresponding increase or decrease in the amount of the encoded protein. Thus, one of skill in 
the art would be more likely than not to believe that, like the PR01357 mRNA, the PR01357 
protein is more highly expressed in normal stomach and lung tissue compared to stomach and 
lung tumor, respectively. This differential expression of PR01357 polypeptide is useful for 
distinguishing stomach and lung tumor tissue from its normal tissue counterpart. Therefore, the 
claimed polypeptides have a specific, substantial and credible utility as diagnostic tools for 
cancer, particularly stomach and lung cancer, as is explained in more detail below. 
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2. Enablement Rejection 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 6-8 and 11-17 under 35 U.S.C. §112, first paragraph, arguing that 
the claimed subject matter was not described in the specification in such a way as to enable one 
skilled in the art to use the invention. The Examiner recites the factors for determining 
enablement from In re Wands, 858 F.2d 731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), relying on the 
arguments made in support of the rejection for lack of utility. 

Appellants submit that Claims 6-8 and 1 1-17 are enabled such that one of skill in the art 
could make and use the claimed polypeptides without undue experimentation. The Examiner's 
basis for rejection of the claims is grounded on the lack of utility rejection. Appellants submit 
that since the claimed polypeptides have utility, and since the enablement rejection is grounded 
on the lack of utility rejection, the claimed polypeptides also are enabled. Notwithstanding the 
foregoing, Appellants submit that the specification fully enables how to make and use the 
claimed polypeptides, and it was well within the knowledge of those skilled in the art how to 
make antibodies which are specific to a disclosed polypeptide sequence. See In re Wands, 858 
F.2d 731 (reversing the Board's decision of non-enablement and holding that as of 1980, undue 
experimentation was not required to make high-affinity monoclonal antibodies to a target 
peptide). Thus, one of skill in the art would be able to make and use the claimed polypeptides 
without undue experimentation, and the Examiner has not made any arguments to the contrary. 

3. Written Description Rejection 

The third issue before the Board is whether the claimed subject matter is described in the 
specification in such a way as to reasonably convey to one skilled in the art that the inventors had 
possession of the claimed invention at the time the application was filed. The Examiner has 
rejected Claims 12-17 under 35 U.S.C. §112, first paragraph, as lacking an adequate written 
description. 

The Examiner has the initial burden of rebutting the presumption that the written 
description is adequate. She has failed to meet this initial burden because nowhere in the final 
Office Action does the Examiner address her arguments to Claims 12-17. For the reasons 
detailed below, Appellants submit that Claims 12-17 are adequately described such that one of 
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skill in the art would recognize that the inventors had possession of the claimed invention at the 
time the application was filed. 

4. Anticipation Rejection 

The fourth issue before the Board is whether Claims 6-8 and 1 1-17 are anticipated under 
35 U.S.C. § 102(b) by two publications cited by the Examiner. The cited publications were 
published in March 9, 2000 and March 8, 2001, respectively. Appellants claim priority to 
applications dating as early as 1998. The subject matter of the present application was disclosed 
in, and therefore is entitled to the priority date of, a priority application filed August 24, 2000. 
The Examiner states that the present application is not entitled to an earlier priority date because 
neither the present application nor any earlier application supports the claimed subject matter in 
accordance with 35 U.S.C. §112. Appellants submit that because the claims are fully supported 
by the specification and the priority documents, Appellants are entitled to a filing date of no later 
than August 24, 2000. In view of Appellants priority date, the cited references cannot be prior 
art under 35 U.S.C. § 102(b). 

B. Utility Rejection 

The first issue before the Board is whether Appellants have asserted at least one "specific, 
substantial, and credible utility." See Examination Guidelines ("Utility Guidelines"), 66 Fed. 
Reg. 1092 (2001). Appellants have asserted that the claimed polypeptides are useful as 
diagnostic tools for cancer, particularly for stomach and lung cancer. This asserted utility is 
specific, substantial, and credible. 

1. Claim Grouping 

For the utility rejection, Appellants group all of Claims 6-8 and 1 1-17 in a single group. 

2. Summary of Appellants 9 Arguments 

Appellants' asserted utility is based in part on the disclosure in Example 18 of the instant 
application that the mRNA encoding the PR01357 polypeptide is more highly expressed in 
normal stomach and lung tissue compared to stomach and lung tumor, respectively. It is well- 
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established that there is a reasonable correlation between changes in mRNA level for a particular 
gene and a corresponding change in the level of expression of the encoded polypeptide, such that 
increasing or decreasing the amount of mRNA for a particular gene leads to a corresponding 
increase or decrease in the amount of the encoded protein. Thus, one of skill in the art would be 
more likely than not to believe that, like the PR01357 mRNA, the PR01357 protein is more 
highly expressed in normal stomach and lung tissue compared to stomach and lung tumor, 
respectively. This differential expression of PR01357 polypeptide is useful for distinguishing 
stomach and lung tumor tissue from its normal tissue counterpart. Therefore, the claimed 
polypeptides related to the PRO 1357 polypeptide have a specific, substantial and credible utility 
as diagnostic tools for cancer, particularly stomach and lung cancer, as is explained in more 
detail below. 

3. Detailed Arguments 

a. Utility - Legal Standard 

A "specific utility" is defined as utility which is "specific to the subject matter claimed," 
in contrast to "a general utility that would be applicable to the broad class of the invention." See 
M.P.E.P. § 2107.01 I. For example, it is generally not enough to state that a nucleic acid is 
useful as a diagnostic tool without also identifying the condition that is to be diagnosed. 

The requirement of "substantial utility" defines a "real world" use, and derives from the 
Supreme Court's holding in Brenner v. Manson, 383 U.S. 519, 534 (1966) stating that "[t]he 
basic quid pro quo contemplated by the Constitution and the Congress for granting a patent 
monopoly is the benefit derived by the public from an invention with substantial utility." In 
explaining the "substantial utility" standard, M.P.E.P. § 2107.01 cautions, however, that Office 
personnel must be careful not to interpret the phrase "immediate benefit to the public" or similar 
formulations used in certain court decisions to mean that products or services based on the 
claimed invention must be "currently available" to the public in order to satisfy the utility 
requirement. "Rather, any reasonable use that an applicant has identified for the invention that 
can be viewed as providing a public benefit should be accepted as sufficient, at least with regard 
to defining a 'substantial' utility." M.P.E.P. § 2107.01 (emphasis added); see also Nelson v. 
Bowler 626 F.2d 853, 856, 206 U.S.P.Q. 881, 883 (CCPA 1980). 
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Indeed, the Guidelines for Examination of Applications for Compliance With the Utility 
Requirement, set forth in M.P.E.P. § 2107 11(B)(1) gives the following instruction to patent 
examiners: "If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose ... and the assertion would be considered credible by a person of ordinary skill 
in the art, do not impose a rejection based on lack of utility." 

Finally, in assessing the credibility of the asserted utility, the M.P.E.P. states that "to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys" the PTO 
must establish that it is "more likely than not that one of ordinary skill in the art would doubt (i.e., 
'question') the truth of the statement of utility." M.P.E.P. § 2107.02 III A. 

b. Utility - Burden of Proof 

It is well established that a specification which contains a disclosure of utility which 
corresponds in scope to the subject matter sought to be patented "must be taken as sufficient to 
satisfy the utility requirement of § 101 for the entire claimed subject matter unless there is reason 
for one skilled in the art to question the objective truth of the statement of utility or its scope." In 
re Longer, 503 F. 2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). Thus "the PTO has the 
initial burden of challenging a presumptively correct assertion of utility in the disclosure." In re 
Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
does the burden shift to the applicant to provide rebuttal evidence sufficient to convince such a 
person of the invention's asserted utility. Id. 

c. Utility - Standard of Proof 

Compliance with 35 U.S.C. § 101 is a question of fact. Raytheon v. Roper, 724 F.2d 951, 

956, 220 U.S.P.Q. 592, 596 (Fed. Cir. 1983), In re Ziegler, 992 F.2d 1197, 1200, 26 U.S.P.Q.2d 

1600 (Fed. Cir. 1993), In re Fisher Case No. 04-1465. The evidentiary standard to be used 

throughout ex parte examination in setting forth a rejection is a preponderance of the evidence, 

or "more likely than not" standard. In re Oetiker, 911 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 

1444 (Fed. Cir. 1992). This is stated explicitly in the M.P.E.P.: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
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statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
more likely than not true . M.P.E.P. § 2107.02, part VII (emphasis in original, 
citations omitted). 

The Court of Appeals for the Federal Circuit has stated that the standard for satisfying the 
utility requirement is a low one: 

The threshold of utility is not high : An invention is "useful" under section 101 if 
it is capable of providing some identifiable benefit. See Brenner v. Manson, 383 
U.S. 519, 534, 86 S.Ct. 1033, 16 L.Ed.2d 69 (1966); Brooktree Corp. v. Advanced 
Micro Devices, Inc., 977 F.2d 1555, 1571 (Fed. Cir. 1992) ("To violate § 101 the 
claimed device must be totally incapable of achieving a useful result"); Fuller v. 
Berger, 120 F. 274, 275 (7th Cir. 1903) (test for utility is whether invention "is 
incapable of serving any beneficial end"). Juicy Whip, Inc. v. Orange Bang, Inc., 
185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999) (emphasis added). 

The low threshold for satisfying the utility requirement is reflected in the standard set by the 
Federal Circuit for invalidating a patent based on a lack of utility: "[T]he fact that an invention 
has only limited utility and is only operable in certain applications is not grounds for finding lack 
of utility. Some degree of utility is sufficient for patentability. Further, the defense of non- 
utility cannot be sustained without proof of total incapacity ." Envirotech Corp. v. Al George, 
Inc., 730 F.2d 753, 762, 221 U.S.P.Q. 473 (Fed. Cir. 1984) (emphasis added, citations omitted). 

Because the standard for satisfying the utility requirement is so low, requiring total 
incapacity for a finding of no utility, the M.P.E.P. cautions that: 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts. 
Generally speaking, in these rare cases, the 35 U.S.C. 101 rejection was sustained 
[] because the applicant . . . asserted a utility that could only be true if it violated a 
scientific principle, such as the second law of thermodynamics, or a law of nature, 
or was wholly inconsistent with contemporary knowledge in the art. M.P.E.P. 
§ 2107.02 III B., citing In re Gazave, 379 F.2d 973, 978, 154 U.S.P.Q. 92, 96 
(C.C.P.A. 1967) (underline emphasis in original, italic emphasis added). 

d. Appellants Asserted a Specific, Substantial and Credible Utility that is 
Sufficient to Satisfy the Utility Requirement ofS 101 

The claimed subject matter is directed to polypeptides comprising the amino acid 
sequence of the polypeptide of SEQ ID NO: 78, the amino acid sequence of the polypeptide of 
SEQ ID NO: 78 lacking its associated signal peptide, or the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
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accession number 203240. Additional claimed subject matter is directed to polypeptides having 
at least 95% amino acid sequence identity to the amino acid sequence of the polypeptide SEQ ID 
NO: 78, the amino acid sequence of the polypeptide of SEQ ID NO: 78 lacking its associated 
signal peptide, or the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240; wherein the isolated 
polypeptide or a fragment thereof can be used to generate an antibody which can be used to 
specifically detect the polypeptide of SEQ ID NO: 78 in lung or stomach tissue samples. The 
polypeptide of SEQ ID NO: 78 (referred to as "PR01357 polypeptide") is encoded by the 
polynucleotide of SEQ ID NO: 77 (also referred to as DNA64881-1602). Specification at 
UK [0103]-[0104]. Appellants have asserted that the claimed polypeptides are useful as 
diagnostic tools for cancer, particularly stomach and lung cancer. 

In "Example 18: Tumor Versus Normal Differential Tissue Expression Distribution" 
Appellants disclose that the mRNA encoding PRO 1357 polypeptide is more highly expressed in 
normal stomach and lung tissue compared to stomach and lung tumor, respectively. 
Specification at [0529]-[0530] and accompanying tables. As explained in paragraph [0530], 
the differential expression of the PR01357 mRNA was detected using the well-established 
technique of quantitative PCR amplification of cDNA libraries isolated from different human 
normal and tumor tissue samples. To ensure that equivalent amounts of nucleic acid were used 
in each reaction, the cDNA for P-actin was used as a control. 

The specification teaches that identification of the differential expression of a PRO 
polypeptide-encoding mRNA in one or more tumor tissues as compared to one or more normal 
tissues of the same tissue type "renders the molecule useful diagnostically for the determination 
of the presence or absence of tumor in a subject suspected of possessing a tumor." Specification 
at U [0530]. The Examiner has recognized that the teachings in the specification of differential 
expression of the PRO 1357 mRNA are sufficient to establish a utility for the nucleic acid 
encoding PR01357 polypeptide: "It is noted that the asserted utility for the nucleic acid of SEQ 
ID NO:77 or the coding region thereof has been accepted upon further reconsideration." Office 
Action dated June 14, 2005, at page 2. 

Appellants submit that because it is well established that changes in mRNA levels lead to 
changes in the level of the encoded protein, based on the teachings of the specification, one 
would expect the PRO 1357 protein to be differentially expressed in stomach and lung tumors. 
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The specification states that PRO polypeptides "may also be used diagnostically for tissue typing, 

wherein the PRO polypeptides of the present invention may be differentially expressed in one 

tissue as compared to another, preferably in a diseased tissue as compared to a normal tissue of 

the same tissue type." Specification at f [0336]. The specification also discloses that PRO 

polypeptides and polypeptides related thereto can be used to generate anti-PRO antibodies. Id, at 

U [0364] and \ [0367]. The specification teaches that such antibodies to PRO polypeptides can 

be useful as diagnostic tools: 

[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide], 
e.g., detecting its expression (and in some cases, differential expression) in 
specific cells, tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or indirect 
sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases. Specification at U [0407]. 

Taken together, the specification clearly discloses the use of the claimed polypeptides as 
tools in diagnosing cancer, particularly stomach and lung cancer. This utility is substantial, as 
one of skill in the art will recognize that the diagnosis of cancer is a "real world" use; it is 
specific, as the diagnosis of stomach and lung cancer is not a utility that applies to the broad 
class of polypeptides; and it is credible, as it not a utility "that could only be true if it violated a 
scientific principle, ...or a law of nature, or [is] wholly inconsistent with contemporary 
knowledge in the art." M.P.E.P. § 2107.02 III B., citing In re Gazave, 379 F.2d 973, 978, 154 
U.S.P.Q. 92, 96 (C.C.P.A. 1967). Because Appellants' specification contains a disclosure of 
utility which corresponds in scope to the claimed subject matter, the asserted utility "must be 
taken as sufficient to satisfy the utility requirement of § 101 for the entire claimed subject matter 
unless there is reason for one skilled in the art to question the objective truth of the statement of 
utility or its scope." In re hanger, 503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). 
Therefore, the burden of establishing a prima facie case of lack of utility rests with the PTO. See, 
In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("the PTO has the initial 
burden of challenging a presumptively correct assertion of utility in the disclosure"). 

4. The Data in Example 18 are Data Regarding Differential mRNA Levels, not 
Gene Amplification 

Appellants begin by clarifying that the data concerning the differential expression of the 

PRO 1357 gene presented in Example 18 relate to gene expression, not gene amplification . The 
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description of Example 18 makes clear that the results were obtained by quantitative PCR 
amplification of cDNA libraries. It is well known in the art that cDNA libraries are made from 
mRNA, and reflect the level of mRNA for a particular gene in the source tissue. Thus, Example 
18 is reporting a measure of the expression of the PR01357 gene, i.e., mRNA levels, not its 
amplification, i.e., the number of copies of the PRO 1357 gene in the genome. 

For this reason, the relationship between gene amplification and the level of protein 
expression is not relevant to the instant application. The distinction between gene amplification 
and protein expression has been previously explained to the Examiner. Notwithstanding 
Appellants' efforts, the Examiner continues to cite Konopka (Proc. Natl. Acad. Sci. USA, (1986) 
83:4049-52) as providing "evidence showing lack of correlation of between gene amplification 
and increased polypeptide levels." Office Action dated June 14, 2005, at page 6. 

Further, the Examiner uses this evidence as basis for the utility rejection: 

Given how small the unknown amount that DNA copy number of PRO 1357 
decreased in tumors, and the evidence provided by Haynes et al., Hu et al. 
(discussed above) and Konopka et al., one skilled in the art would not have 
assumed that a small decrease in gene copy number would correlate with 
significantly increased mRNA or polypeptide levels . The level of decrease of the 
encoding nucleic acid is not disclosed. One skilled in the art would have to do 
further research to determine whether or not the PR01357 polypeptide levels 
decreased significantly in the tumor samples. Such further research requirements 
make it clear that the asserted utility is not yet in currently available form, i.e., it 
is not substantial. Office Action dated June 14, 2005, at page 6 (emphasis added). 

The correlation between gene copy number and mRNA/polypeptide levels is completely 
irrelevant to the instant application. Appellants have provided reliable evidence of differential 
PRO 1357 mRNA levels in certain tumors by examining cDNA libraries, not genomic DNA. 
Whether this differential mRNA expression is due to changes in gene copy number, transcription 
rates, a combination of these, or some other known or unknown cellular mechanism is simply not 
relevant to Appellants' asserted utility. Regardless of the cause, the differential expression of 
PRO 1357 mRNA and the resulting differential expression of PRO 1357 protein can be used as a 
molecular marker of lung or stomach cancer to assist in the diagnosis of these diseases. 

The issues before the Board will be greatly simplified if an understanding can be reached 

that the data in Example 18 reflect the level of mRNA for PR01357 expressed, i.e., the level of 

PR01357 gene expression, and not the number of copies of the PR01357 gene present in the 
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genome, i.e., gene amplification. Once this is established, it is clear that the gene amplification 
data of the Konopka reference are not relevant to Appellants' asserted utility, and Appellants' 
references and declarations regarding the relationship between mRNA levels and protein levels 
are directly relevant. 

5. The Examiner's Arguments 

The most recent Office Action, dated June 14, 2005, states that the claims are rejected as 
lacking utility "for the reasons set forth in the previous Office action." Office Action dated June 
14, 2005, at page 2. However, not all of the Examiner's reasoning for rejecting the claims as 
lacking utility provided in previous Office Actions are consistent with the reasoning of the Office 
Action dated June 14, 2005. For example, in the Office Action dated June 14, 2005, the 
Examiner states, "It is noted that the asserted utility for the nucleic acid of SEQ ID NO:77 or the 
coding region thereof has been accepted upon further reconsideration." Office Action dated 
June 14, 2005, at page 2. Whereas, the Examiner had previously stated "it should be noted that 
with the Office maintaining that the instant specification does not support utility for the 
polynucleotide as a diagnostic tool, a diagnostic use for the protein or antibody is likewise not 
supported, regardless of whether their levels correspond." Advisory Action dated March 8, 2005, 
at page 2. In view of the foregoing, the Examiner's arguments discussed herein are those 
provided in, or consistent with, the Office Action dated June 14, 2005. 

The Examiner has explained that the basis of the utility rejection "is the insufficiency of 
disclosure to support a specific and substantial or well established utility" because "there is 
critical information lacking which includes: whether differences in nucleic acid expression of 
PRO 1357 were significant, under what conditions differences could be detected, and what levels 
(relative or absolute) were detected in tumor and normal control, the skilled artisan cannot use 
(whether in vivo or in vitro) the claimed invention." Office Action dated June 14, 2005 at page 5. 

In response to Appellants arguments, the Examiner has asserted that "even if the 
encoding polynucleotide has utility, on [sic] cannot on that basis alone support a utility for the 
encoded protein because the prior art provides sufficient support to make a correlation between 
mRNA and encoded protein level unpredictable." Office Action dated June 14, 2005 at page 3. 
The Examiner further stated, "While one can find prior art that supports a 'significant 
probability' that mRNA and protein levels will correlate, there is influential prior art of record 
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that requires the Examiner maintain that as a whole, the prior art does not provide a reasonable 
expectation that expression of the nucleic acid of SEQ ID NO: 77 positively correlates with the 
expression of the protein of SEQ ID NO:78." Office Action dated June 14, 2005 at page 5. As 
evidentiary support, the Examiner has cited Hu et al (J. Proteome Res., (2003) 2(4):405-12) as 
teaching that, "for genes displaying a 5-fold change or less in tumors compared to normal, there 
was no evidence of a correlation between altered gene expression and a known role in the 
disease/' Office Action dated June 14, 2005 at page 5. The Examiner also cited Haynes et al 
(Electrophoresis, (1998) 19(1 1):1862-71) and Konopka et al (Proc. Natl. Acad. Sci. USA, 
(1986) 83:4049-52) as supporting the assertion that there is "no strong correlation between 
protein and transcript levels," and there is a "lack of correlation between gene amplification and 
increased polypeptide levels." Office Action dated June 14, 2005 at pages 5-6. 

6. The Examiner has not Established a Prima Facie case that Claims 6-8 and 
11-17 Lack Utility 

The Examiner has not met the burden of "providing] evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 
1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The Examiner has the burden of presenting 
"countervailing facts and reasoning sufficient to establish that a person of ordinary skill would 
not believe the Appellant's assertion of utility." M.P.E.P. at § 2107.02 III. A., citing in re Brana, 
51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) ("Only after the PTO provides 
evidence showing that one of ordinary skill in the art would reasonably doubt the asserted utility 
does the burden shift to the Appellant to provide rebuttal evidence") (emphasis added). 

As discussed in further detail below, the Examiner has asserted that the specification does 
not disclose sufficient experimental details to support a utility for the claimed polypeptides. In 
an attempt to rebut Appellants' traversal of the utility rejection, the Examiner cited three 
references. Appellants submit that the Examiner has erroneously placed the initial burden on 
Appellants to substantiate their asserted utility, and further submit that the Examiner's rebuttal 
arguments and evidence do not support the utility rejection of the claimed polypeptides. 
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a. The Examiner's basis for the Utility Rejection is Improper 

The Examiner has improperly placed the burden on Appellants to initially establish the 
utility of the claimed polypeptides. Without relying on any facts or reasoning, the Examiner has 
held that the claims lack utility because the specification provides insufficient experimental 
details. For example, the Examiner states: 

The issue in this application is the insufficiency of disclosure to support a specific 
and substantial or well established utility or to allow the skilled artisan to use the 
claimed invention without undue experimentation. Because as previously 
discussed there is critical information lacking which includes: whether differences 
in nucleic acid expression of PR01357 were significant, under what conditions 
differences could be detected, and what levels (relative or absolute) were detected 
in tumor and normal control, the skilled artisan cannot use (whether in vivo or in 
vitro) the claimed invention. It is possible that with the lacking information in 
hand, the skilled artisan could make a reasonable correlation between at least 
nucleic acid expression data and diagnostic utility. Advisory Action dated 
March 8, 2005, at page 2. 

Thus, the Examiner holds that the claimed polypeptides cannot have utility unless the 
specification discloses various experimental details such as assay conditions and experimentally 
detected expression levels. This standard is inconsistent with PTO policy and the guidelines 
provided by the courts: "In most cases, an applicant's assertion of utility creates a presumption of 
utility that will be sufficient to satisfy the utility requirement of 35 U.S.C. 101." M.P.E.P. 
§2107.02 III. A. "[T]he PTO has the initial burden of challenging a presumptively correct 
assertion of utility in the disclosure. Only after the PTO provides evidence showing that one of 
ordinary skill in the art would reasonably doubt the asserted utility does the burden shift to the 
applicant to provide rebuttal evidence sufficient to convince such a person of the invention's 
asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995) 
(citations omitted). 

As provided herein, Appellants have asserted a utility for the claimed polypeptides. For 
example, the specification teaches identification of the differential mRNA expression, diagnostic 
use of PRO polypeptides, and use of PRO polypeptides to generate anti-PRO antibodies (see 
Specification at, e.g., [0364], [0366], [0367], [0407] and [0530]). Accordingly, the PTO has 
the initial burden of challenging Appellants' asserted utility; Appellants do not have the burden 
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of disclosing details such as assay conditions and experimentally detected expression levels in 
order to initially establish utility of the claimed subject matter. 

Appellants previously traversed the Examiner's rejection, arguing that the Examiner was 
improperly requiring that the specification disclose various experimental details in order to 
initially establish the utility of the claimed subject matter. In response, the Examiner stated: 

The Office is not requiring anything. The specification has failings which the 
Examiner pointed out. Office Action dated June 14, 2005, at page 8. 

This statement is inconsistent with the Examiner's rejection because the Examiner is 
clearly requiring the specification to disclose "critical information" "which includes: whether 
differences in nucleic acid expression of PR01357 were significant, under what conditions 
differences could be detected, and what levels (relative or absolute) were detected in tumor and 
normal control" in order to establish utility of the claimed polypeptides. See Advisory Action 
dated March 8, 2005;, at page 2. PTO policy and the guidelines provided by the courts make it 
clear that applicants need only provide an assertion of utility, which is presumptively correct. In 
the present case, Appellants have asserted a utility for the claimed polypeptides. Thus, the 
burden is on the Examiner to provide "evidence showing that one of ordinary skill in the art 
would reasonably doubt the asserted utility." The Examiner does not rely on any evidence or 
reasoning to conclude that the claimed polypeptides lack utility. Instead, the Examiner asserts 
that "the specification has failings," and erroneously places the burden on Appellants' 
specification to disclose sufficient information in order to initially establish the utility of the 
claimed polypeptides. Because such a basis for a utility rejection is inconsistent with PTO policy 
and the guidelines provided by the courts, this rejection should be withdrawn. 

b. The Examiner's Evidence is Insufficient to Establish the Claims as 
Prima Facie lacking Utility 
Notwithstanding the impropriety of the Examiner's utility rejection, Appellants have 
responded to the Examiner's rejection by providing evidence in support of utility of the claimed 
polypeptides (discussed below). In response to Appellants evidence and supporting arguments, 
the Examiner has cited three references in rebuttal. The three references cited by the Examiner, 
Hu et ai, Haynes et aL 9 and Konopka et ai, do not support the Examiner's position, for the 
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reasons provided below. Instead, the evidence presented by the Examiner supports Appellants' 
asserted utility. Appellants submit that there is no evidence in the record to support the 
Examiner's argument that Appellants' asserted utility is not substantial, and the invention is 
incomplete. Absent some significant evidence to support these assertions, the Examiner cannot 
establish a prima facie showing that one of skill in the art would reasonably doubt the asserted 
utility. Accordingly, all claims are improperly rejected as lacking utility. 

i. Hu etal. 

The Examiner has cited Hu et al (J. Proteome Res., (2003) 2(4):405-12) in asserting that 
for genes displaying a 5-fold change or less in tumors compared to normal, there was no 
evidence of a correlation between altered gene expression and a known role in the disease. 

In Hu, the researchers used an automated literature-mining tool to summarize and 
estimate the relative strengths of all human gene-disease relationships published on Medline. 
They then generated a microarray expression dataset comparing breast cancer and normal breast 
tissue. Using their data-mining tool, they looked for a correlation between the strength of the 
literature association between the gene and breast cancer, and the magnitude of the difference in 
expression level. They report that for genes displaying a 5-fold change or less in tumors 
compared to normal, there was no evidence of a correlation between altered gene expression and 
a known role in the disease. See Hu at 411. However, among genes with a 10-fold or more 
change in expression level, there was a strong correlation between expression level and a 
published role in the disease. Id at 412. Importantly, Hu reports that the observed correlation 
was only found among estrogen receptor-positive tumors, not ER-negative tumors. Id. 

The general findings of Hu are not surprising - one would expect that genes with the 
greatest change in expression in a disease would be the first targets of research, and therefore 
have the strongest known relationship to the disease as measured by the number of publications 
reporting a connection with the disease. The correlation reported in Hu only indicates that the 
greater the change in expression level, the more likely it is that there is a published or known role 
for the gene in the disease, as found by their automated literature-mining software. Thus, Hu's 
results merely reflect a bias in the literature toward studying the most prominent targets, and 
reflect nothing regarding the ability of a gene that is 2-fold or more differentially expressed in 
tumors to serve as a disease marker. 
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Hu acknowledges the shortcomings of this method in explaining the disparity in Hu's 
findings for ER-negative versus ER-positive tumors: Hu attributes the "bias in the literature" 
toward the more prevalent ER-positive tumors as the explanation for the lack of any correlation 
between number of publications and gene expression levels in less-prevalent (and, therefore, less 
studied) ER-negative tumors. Id. Because of this intrinsic bias, Hu's methodology is unlikely to 
ever note a correlation of a disease with less differentially-expressed genes and their 
corresponding proteins, regardless of whether or not an actual relationship between the disease 
and less differentially-expressed genes exists. Accordingly, Hu's methodology yields results that 
provide little or no information regarding biological significance of genes with less than 5-fold 
expression change in disease. Nowhere in Hu does it say that a lack of correlation in their study 
means that genes with a less than five-fold change in level of expression in cancer cannot serve 
as a molecular marker of cancer. 

Appellants submit that a lack of known role for the PR01357 gene in cancer does not 
prevent its use as a diagnostic tool for cancer. There is a difference between use of a gene for 
distinguishing between tumor and normal tissue on the one hand, and establishing a role for the 
gene in cancer on the other. Genes with lower levels of change in expression may or may not be 
the most important genes in causing the disease, but the genes can still show a consistent and 
measurable change in expression. While such genes may or may not be good targets for further 
research, they can nonetheless be used as diagnostic tools. Thus, Hu does not refute Appellants' 
assertion that the PR01357 gene can be used as a cancer diagnostic tool because it is 
differentially expressed in certain tumors. 

In response to Appellants' previous arguments, the PTO has stated that the findings of Hu 

et al suggest that there is a correlation between expression level and activity. The PTO quotes 

the portion of Hu stating: 

It is not uncommon to see expression changes in microarray experiments as small 
as 2-fold reported in the literature. Even when these expression changes are 
statistically significant, it is not always clear if they are biologically meaningful. 
Hu at page 411, right column. 

As the PTO has asserted, Hu studied differential gene expression and a known role in a 

disease. See, e.g., Office Action dated June 14, 2005, at page 5. Thus, Hu's analysis of 

differential expression of a gene whose role in a disease is "biologically meaningful" to the 

disease is completely different from Appellants' asserted differential expression of a gene for 
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diagnostic purposes. Even if a gene does not have a biologically meaningful role in a disease, 
this does not indicate that the gene does not show a consistent and measurable change in 
expression in the cancer. Whether or not a differentially expressed gene has a biologically 
meaningful role in a disease does not change the fact that differential expression of a gene and 
encoded polypeptide can be used in diagnosis of a disease. The lack of a biologically 
meaningful role of PR01357 in cancer, for example, is irrelevant to whether its differential 
expression can be used to assist in diagnosis of cancer - one does not need to know why 
PRO 1357 is differentially expressed, or the biological meaning of the differential expression, in 
order to exploit the differential expression to distinguish tumor from normal tissue. 

The PTO's own written policies recognize that the utility of a nucleic acid does not 
depend on the function of the encoded gene product. The Utility Examination Guidelines 
published on January 5, 2001 state: "In addition, the utility of a claimed DNA does not 
necessarily depend on the function of the encoded gene product. A claimed DNA may have a 
specific and substantial utility because, e.g. it hybridizes near a disease-associated gene or it has 
a gene regulating activity." (Federal Register, Volume 66, page 1095, Comment 14). Similarly, 
here the disclosed nucleic acids, as well as the encoded polypeptides and related antibodies, are 
useful for determining whether an individual has cancer regardless of whether or not they are the 
cause of the cancer. 

Any requirement of a known role for PR01357 in cancer for utility is also inconsistent 
with the analogous standard for therapeutic utility of a compound where "the mere identification 
of a pharmacological activity of a compound that is relevant to an asserted pharmacological use 
provides an 'immediate benefit to the public' and thus satisfies the utility requirement." M.P.E.P. 
§ 2701.01 (emphasis original). Here, the mere identification of altered expression in tumors is 
relevant to diagnosis of tumors, and, therefore, provides an immediate benefit to the public. 

The Examiner has acknowledged that "[i]t is correct that the role of a gene need not be 
known." Office Action dated June 14, 2005, at page 1 1 . However, the Examiner has cited Hu in 
asserting that "for genes displaying a 5-fold change or less in tumors compared to normal, there 
was no evidence of a correlation between altered gene expression and a known role in the 
disease." See, e.g., Office Action dated June 14, 2005, at page 5. Thus, utility that is not based 
on knowing the role of a gene in a disease is accepted by the Examiner as a permissible utility 
that may be asserted, and such an asserted utility is unaffected by the teachings of Hu. 

- 19- 



Appl. No. 
Filed 



10/063,586 
May 3, 2002 



Accordingly, Appellants' asserted diagnostic utility, which is not based on knowing the role of 
the gene in a disease, is accepted by the Examiner as a permissible utility that may be asserted, 
and is unaffected by the teachings of Hu. 

Further, as noted above, the utility of the nucleic acid encoding the PRO 1357 polypeptide 
is acknowledged by the Examiner. Thus, the Examiner does not take the position that Hu 
demonstrates that one skilled in the art would doubt the utility of the nucleic acid encoding the 
PR01357 polypeptide. Further, the Examiner does not assert that the teachings of Hu indicate 
that differential protein expression is less reliable than differential nucleic acid expression. Nor 
does the Examiner assert that Hu teaches that changes in mRNA levels do not typically 
correspond with changes in levels of the encoded polypeptide. In short, the Examiner provides 
no explanation for why Hu is insufficient to demonstrate that the nucleic acid encoding the 
PRO 13 57 polypeptide lacks utility, but is sufficient to demonstrate that the PRO 1357 
polypeptide lacks utility. As such, the Examiner provides no reason to regard Hu as evidence 
that challenges the utility of the claimed polypeptides. 

In summary, Appellants submit that the teachings of Hu are directed to a known role of 
differentially expressed genes in disease. The Examiner's characterization of Hu is in accord 
with this. Appellants submit that the claimed polypeptides need not have a known role in a 
disease in order to have utility. The Examiner agrees with this. Appellants' teachings in the 
specification of differential expression of the nucleic acid encoding the PRO 1357 polypeptide 
demonstrate a utility of the PR01357 nucleic acids over the teachings of Hu. The Examiner 
agrees with this. Appellants submit that Hu provides no teachings that distinguish differential 
expression of nucleic acids from differential expression of polypeptides. The Examiner does not 
assert that Hu contains such teachings. Thus, Appellants submit that (a) Hu's teachings are not 
relevant to Appellants' asserted diagnostic utility, (b) Hu's teachings are insufficient to question 
the utility of PR01357 nucleic acids, and (c) Hu's teachings are not any more relevant to 
polypeptides than to nucleic acids. None of the Examiner's assertions are inconsistent with this. 
Accordingly, Appellants submit that Hu does not discredit Appellants' asserted utility, and the 
Examiner provides no reasoning to think otherwise. 



ii. 



Haynes et aL 
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The Examiner has cited Haynes et al (Electrophoresis, (1998) 19(1 1):1862-71), as 
teaching that there is "no strong correlation between protein and transcript levels." Office Action 
dated June 14, 2005, at page 5. The Examiner also referred to Haynes in asserting that 
"polypeptide levels cannot be accurately predicted from mRNA levels." Office Action dated 
June 14, 2005, at page 6. For the reasons discussed below, Haynes is not contrary to Appellants' 
assertion that generally speaking, changes in mRNA levels lead to corresponding changes in the 
level of polypeptide. 

Haynes studied whether there is a correlation between the level of mRNA expression and 
the level of protein expression for 80 selected genes from yeast. The genes were selected 
because they constituted a relatively homogeneous group with respect to predicted half-life and 
expression level of the protein products. See Haynes at page 1863. Haynes did not examine 
whether a change in transcript level for a particular gene led to a change in the level of 
expression of the corresponding protein. Instead, Haynes determined whether the steady-state 
transcript level correlated with the steady-state level of the corresponding protein based on an 
analysis of 80 different genes. 

Haynes reported to have "found a general trend but no strong correlation between protein 
and transcript levels." Id However, a cursory inspection of Fig. 1 shows a clear correlation 
between the mRNA levels and protein levels measured. This correlation is confirmed by an 
inspection of the full-length research paper from which the data in Fig. 1 were derived, (Gygi et 
ai, Molecular and Cellular Biology, Mar. 1999, 1720-1730), submitted as Exhibit 5 with 
Appellants' Amendment and Response to Final Office Action mailed February 10, 2005. Gygi 
states that "there was a general trend of increased protein levels resulting from increased mRNA 
levels," with a correlation coefficient of 0.935, indicating a strong correlation. Gygi at page 
1726. Moreover, Gygi also states that the correlation is especially strong for highly expressed 
mRNAs. Id. Thus, it is not clear that Haynes even supports the Examiner's position, as Haynes 
did report a general trend, and Gygi reports a strong correlation between increasing mRNA 
levels and increasing protein levels. 

The Examiner has focused on the portion of Haynes where the authors reported that for 
some of the studied genes with equivalent mRNA levels, there were differences in corresponding 
protein expression, including some that varied by more than 50-fold. Similarly, Haynes reports 
that different proteins with similar expression levels were maintained by transcript levels that 
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varied by as much as 40-fold. Office Action dated June 14, 2005, at pages 5-6. Thus, Haynes 
showed that for one type of yeast, similar mRNA levels for different genes did not universally 
result in equivalent protein levels for the different gene products, and similar protein levels for 
different gene products did not universally result from equivalent mRNA levels for the different 
genes. These results are expected, since there are many factors that determine translation 
efficiency for a given transcript, or the half-life of the encoded protein. Not surprisingly, based 
on these results, Haynes concluded that protein levels cannot always be accurately predicted 
from the level of the corresponding mRNA transcript when looking at the level of transcripts 
across different genes . 

Importantly, Haynes did not say that for a single gene, the level of mRNA transcript is 
not positively correlated with the level of protein expression. Appellants have asserted that 
increasing or decreasing the level of mRNA for the same gene leads to an increase or decrease 
for the corresponding protein. Haynes did not study this issue and says absolutely nothing about 
it. One cannot look at the level of mRNA across several different genes to investigate whether a 
change in the level of mRNA a particular gene leads to a change in the level of protein for that 
gene. Therefore, Haynes is not inconsistent with or contradictory to the utility of the instant 
claims, and offers no support for the Examiner's rejection of Appellants' asserted utility. 

In response to Appellants' previous arguments, the Examiner pointed to specific 

teachings in Haynes et al. and Gygi et al regarding observed expression levels. For example, 

the Examiner quoted as Gygi stating: 

The observed level of correlation between mRNA and protein expression levels 
suggest the importance of posttranslational mechanisms controlling gene 
expression. Such mechanisms include translational control .. and control of 
protein half-life.... Since these mechanisms are also active in higher eukaryotic 
cells, we speculate that there is no predictive correlation between steady-state 
levels of mRNA and those of protein in mammalian cells . Office Action dated 
June 14, 2005, at page 9, citing Gygi et al at page 1727 (emphasis added). 

The above-underlined sentence illustrates how the Examiner has misapplied both Haynes 

and Gygi. Appellants have asserted that increasing or decreasing {i.e., changing) the level of 

mRNA for a particular gene leads to a respective increase or decrease {i.e., change) for the 

corresponding protein. Gygi states that the steady-state (/.<?., constant) levels of various mRNAs 

do not correlate with the steady-state {i.e., constant) levels of the corresponding polypeptides. 

Appellants' assertions could be illustrated by a two-dimensional plot showing various 
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polypeptide concentrations of a particular gene as a function of various mRNA concentrations of 
that same gene. Gygi's and Haynes' assertions are illustrated by a two-dimensional plot showing 
a single polypeptide concentration (the steady-state concentration) for various genes as a 
function of a single mRNA concentration (the steady-state concentration) of those various genes. 
Haynes' and Gygi's plots explored whether or not there was a common relationship between 
steady-state (i.e., constant ) mRNA levels and steady-state (i.e., constant ) polypeptide levels for 
various genes. In contrast, Appellants assert that generally an increase or decrease (i.e., change ) 
in mRNA levels for the same gene leads to a respective increase or decrease (i.e., change) for the 
corresponding polypeptide. Neither Haynes nor Gygi reported anything regarding changes in 
mRNA levels or changes in polypeptide levels for the same gene. Accordingly, the results of 
Haynes or Gygi are not relevant to Appellants' assertions regarding the relationship between 
changes in mRNA levels and the corresponding polypeptide levels. As such, Haynes and Gygi 
cannot support the Examiner's holding of a lack of utility for the claimed polypeptides. 

iii, Konopka etal. 

The Examiner has cited a third reference, by Konopka et al (Proc. Natl. Acad. Sci. USA, 
(1986) 83:4049-52), as supporting the assertion that there is a "lack of correlation between gene 
amplification and increased polypeptide levels." Office Action dated June 14, 2005, at page 6. 

As discussed above, the Examiner has confused the relationship between an increase in 
copy number of a gene and the level of mRNA on the one hand, with the relationship between 
mRNA expression and levels of the corresponding protein on the other. In particular, the 
Examiner cites the statement in Konopka that "[p]rotein expression is not related to amplification 
of the abl gene, but to variation in the level of the bcr-abl mRNA production from a single Phi 
template." Office Action dated June 14, 2005, at page 6, citing Konopka at Abstract. The results 
presented in Konopka actually present evidence in support of Appellants' position that there is a 
general understanding in the art that changes in levels of mRNA correlate with changes in levels 
of the corresponding polypeptides. Konopka analyzed the expression patterns of a gene 
associated with certain cancers. The authors show a wide variation in the levels of the protein in 
various cell types, and find that this variation can be attributed to the levels of the corresponding 
mRNA in each cell type. See, Konopka, at page 4050. Konopka thus concludes, "these 
combined data suggest that differential bcr-abl mRNA expression from a single gene template is 
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responsible for the variable levels of P210 c ~ abl [the protein of interest] detected." Id, at page 
4051. Thus, far from supporting the PTO's assertion that it is not the norm that increased 
transcription leads to increased levels of the corresponding polypeptide, Konopka supports the 
position asserted by Appellants - that changes in the level of mRNA, more often than not, 
correspond to changes in the level of the corresponding polypeptide. 
The Examiner agrees with this position. The Examiner states: 

Applicants argue that Konopka et al. looked at gene amplification and protein 
level for bcr-able [sic], finding a lack of correlation, though the mRNA and 
protein level did correlate. This argument is conceded, however, this exception 
looking at a single protein and gene does not support the opposition position of 
strong predictability of correlation between mRNA and protein level. Other 
references have been reviewed here and in previous Office actions which support 
the unpredictability by examining not just one, but a hundred or hundreds of 
mRNAs and corresponding proteins. Office Action dated June 14, 2005, at page 9. 

Thus, the Examiner agrees that Konopka is evidence in support of Appellants asserted utility. 
However, instead of considering the teachings of Konopka in evaluating all of the evidence on 
record, the Examiner dismisses her own reference as an "exception" that does not undermine the 
assertion that changes in levels of an mRNA do not typically correspond to changes in levels of 
the encoded protein. The Examiner justifies dismissing Konopka based on "[o]ther references," 
i.e., Hu and Haynes. The Examiner states that these "[o]ther references" examined "not just one, 
but a hundred or hundreds of mRNAs and corresponding proteins." Hu is completely silent 
regarding any relationship between mRNA levels and polypeptide levels. As discussed above, 
Haynes did not study the relationship between changes in mRNA levels and resultant 
polypeptide levels for a single gene. Accordingly, Konopka contains relevance to Appellants 
asserted utility that is not addressed in either Haynes or Hu. As such, Konopka should not be 
dismissed as an "exception" to the teachings of these "[o]ther references." 

The teachings of Konopka are more relevant to Appellants' asserted utility than the 
teachings of Hu or Haynes, and support Appellants asserted utility. It is the duty of the 
Examiner to fully consider the totality of the record. See M.P.E.P. § 2107 II. D. By dismissing 
Konopka as an "exception," the Examiner fails in this duty. 

iv. Summary 
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The Examiner has cited three references, Hu et al. 9 Haynes et ai 9 and Konopka et al 

Hu reports that genes with high levels of differential expression in disease more 
frequently are characterized by a known, published role in the disease. Hu is silent regarding 
diagnostic properties of differentially expressed genes and, therefore, has no bearing on 
Appellants' asserted utility. Furthermore, the Examiner acknowledges the utility of the 
differentially expressed nucleic acid encoding the PR01357 polypeptide, and the Examiner 
provides no reason why Hu demonstrates that the PRO 1357 polypeptide, but not the PRO 1357 
nucleic acid, lacks utility. Thus, the factual teachings of Hu are not relevant to Appellants 
asserted utility, and the Examiner provides no basis for citation of Hu as demonstrating a lack of 
utility of the claimed polypeptides, where the Examiner agrees that Hu does not demonstrate a 
lack of utility for the encoding nucleic acid. 

Haynes (and Gygi, cited therein) investigated the relationship between steady state levels 
of mRNA for various genes and steady state levels of polypeptides of these various genes. 
Neither Haynes nor Gygi reported any data regarding the relationship between changes in 
mRNA levels for a particular gene and the resultant levels of the encoded polypeptide. 
Accordingly, the factual teachings of Haynes are not relevant to Appellants asserted utility. 

Konopka teaches that changes in protein expression levels are related to changes in 
mRNA levels, which supports Appellants' asserted utility. The Examiner agrees with 
Appellants' characterization of Konopka, but nevertheless dismisses her own evidence as an 
"exception." 

In sum, two of the three cited references contain no factual teachings that are relevant to 
Appellants asserted utility. The third cited reference supports Appellants asserted utility. 
Despite the Examiner ignoring Konopka' s teachings in support of Appellants assertions, the 
cited references do not provide any factual evidence demonstrating that one of ordinary skill in 
the art would reasonably doubt Appellants' asserted utility. Moreover, the totality of the 
evidence cited by the Examiner supports Appellants asserted utility. 

The Examiner has stated: 

While one can find prior art that supports a 'significant probability' that mRNA 
and protein levels will correlate, there is influential prior art of record that 
requires the Examiner maintain that as a whole, the prior art does not provide a 
reasonable expectation that expression of the nucleic acid of SEQ ID NO:77 
positively correlates with the expression of the protein of SEQ ID NO:78. Office 
Action dated June 14, 2005, at page 5. 
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As Appellants have explained, the "influential art" of record (Hu, Haynes and Konopka) 
is either silent regarding any relationship between mRNA and polypeptide levels (Hu), silent 
regarding the relationship between changes in mRNA levels and resultant polypeptide levels 
(Haynes), or supports Appellants assertion that changes in mRNA levels generally lead to similar 
changes in the levels of the corresponding polypeptide (Konopka). Accordingly, there is no 
factual basis in the record to conclude that this "influential art" "requires the Examiner maintain 
that as a whole, the prior art does not provide a reasonable expectation that expression of the 
nucleic acid of SEQ ID NO: 77 positively correlates with the expression of the protein of SEQ ID 
NO:78." In view of the above, Appellants submit that the evidence cited by the Examiner does 
not demonstrate that one of ordinary skill in the art would reasonably doubt Appellants' asserted 
utility, and therefore, cannot support a prima facie rejection of the claims as lacking utility. 

7, Even if the Examiner established a Prima Facie case. Appellants have provided 
Sufficient Rebuttal Evidence of Utility 

"Only after the PTO provides evidence showing that one of ordinary skill in the art would 

reasonably doubt the asserted utility does the burden shift to the applicant to provide rebuttal 

evidence." In re Brana, 51 F.3d 1560, 1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). The rebuttal 

evidence must be sufficient such that when it is considered as a whole, it is more likely than not 

that the asserted utility is true. See In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 

1444 (Fed. Cir. 1992) (stating that the evidentiary standard to be used throughout ex parte 

examination in setting forth a rejection is a preponderance of the evidence, or "more likely than 

not" standard). The M.P.E.P. summarizes the standard of proof required: 

[T]he applicant does not have to provide evidence sufficient to establish that an 
asserted utility is true "beyond a reasonable doubt." Nor must the applicant 
provide evidence such that it establishes an asserted utility as a matter of 
statistical certainty. Instead, evidence will be sufficient if, considered as a whole, 
it leads a person of ordinary skill in the art to conclude that the asserted utility is 
more likely than not true . M.P.E.P. § 2107.02, part VII (emphasis in original, 
citations omitted). 

Appellants remind the Board that the Federal Circuit has stated that the standard for satisfying 
the utility requirement is a low one: "The threshold of utility is not high: An invention is 'useful' 



-26- 



Appl. No. : 10/063,586 

Filed : May 3, 2002 



under section 101 if it is capable of providing some identifiable benefit." Juicy Whip, Inc. v. 
Orange Bang, Inc., 185 F.3d 1364, 1366, 51 U.S.P.Q. 2d 1700 (Fed. Cir. 1999). 

Even if the Examiner has satisfied her burden of presenting a prima facie case of lack of 
utility, Appellants have supplied more than enough rebuttal evidence, such that when considered 
as a whole, one of skill in the art would conclude that the asserted utility is more likely than not 
true. As discussed in detail below, Appellants have provided sufficient evidence that the gene 
encoding the PRO 1357 polypeptide is differentially expressed in certain cancers and can 
therefore be used as a diagnostic tool. In addition, Appellants have shown that it is well 
established in the art that there is a reasonable correlation between changes in mRNA level and 
changes in the corresponding polypeptide level such that one of skill in the art would believe that 
the PR01357 polypeptide is also differentially expressed in certain cancers. Therefore, 
considering the evidence as a whole, one of skill in the art would believe that it is more likely 
than not that the claimed polypeptides are useful as diagnostic tools for cancer, particularly 
stomach and lung tumors. 

a. Appellants have established that the gene encoding the PRO 1357 
polypeptide is differentially expressed in certain cancers 

As discussed above, the Examiner has not provided evidence or reasoning to challenge 
the reliability and significance of the data in Example 18 which reports that the mRNA for 
PR01357 is more highly expressed in normal stomach and lung tissue compared to stomach and 
lung tumor, respectively. In contrast, Appellants' specification discloses gene expression data in 
Example 18 showing that the mRNA associated with protein PRO 1357 was more highly 
expressed in normal stomach and lung tissue compared to stomach and lung tumor, respectively. 
See Specification at \ [0530] and accompanying tables. Gene expression was analyzed using 
standard quantitative PCR amplification reactions of cDNA libraries isolated from different 
human tumor and normal human tissue samples. Id. It is well known in the art that the number 
of copies of a particular cDNA in the cDNA library is determined by the number of copies of the 
corresponding mRNA in the sample. Therefore, the cDNA libraries can be used to determine the 
level of expression of the corresponding mRNA in the tissue. 

Appellants have asserted that identification of the differential expression of the PR01357 
polypeptide-encoding gene in tumor tissue compared to the corresponding normal tissue renders 
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the molecule useful as a diagnostic tool for the determination of the presence or absence of tumor. 
Id. In support of this asserted utility, Appellants submitted as Exhibit 1 to their Amendment and 
Response to Office Action mailed September 22, 2004, a first Declaration of J. Christopher 
Grimaldi, an expert in the field of cancer biology. This declaration explains the importance of 
the data in Example 18, and how differential gene and protein expression studies are used to 
differentiate between normal and tumor tissue. See First Grimaldi Declaration. 

In paragraphs 6 and 7, Mr, Grimaldi explains that the semi-quantitative analysis 
employed to generate the data of Example 18 is sufficient to determine if a gene is over- or 
under-expressed in tumor cells compared to corresponding normal tissue. He states that any 
visually detectable difference seen between two samples is indicative of at least a two-fold 
difference in cDNA between the tumor tissue and the counterpart normal tissue. He also states 
that the results of the gene expression studies indicate that the genes of interest "can be used to 
differentiate tumor from normal." He explains that, contrary to the PTO's assertions, "[t]he 
precise levels of gene expression are irrelevant; what matters is that there is a relative difference 
in expression between normal tissue and tumor tissue." First Grimaldi Declaration at \ 7. 

This declaration makes clear that since it is the relative level of expression between 
normal tissue and suspected cancerous tissue that is important, how high the level of expression 
in normal tissue is, is irrelevant. As to the experimental conditions and the significance of the 
results, Appellants employed standard techniques which are well-known and accepted by those 
of skill in the art, and Mr. Grimaldi states that the samples are pooled samples of normal and 
tumor tissue, and therefore are more reliable than individual samples. Id. at \ 5. Mr. Grimaldi 
states that if a difference is detected using these techniques, "this indicates that the gene and its 
corresponding polypeptide and antibodies against the polypeptide are useful for diagnostic 
purposes..." Id. at 7. Thus, it is the uncontested opinion of an expert in the field that the results 
are reliable enough to indicate that the claimed polypeptides are useful as diagnostic tools. 

The data in Example 18 and the first Grimaldi Declaration provide strong support for 
Appellants' asserted utility. Mr. Grimaldi is an expert in the field who conducted or supervised 
the experiments at issue. His declaration is based on personal knowledge of the relevant facts at 
issue. Appellants' have reminded the Examiner that "Office personnel must accept an opinion 
from a qualified expert that is based upon relevant facts whose accuracy is not being 
questioned." M.P.E.P. § 2107 (emphasis added). In addition, declarations relating to issues of 
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fact should not be summarily dismissed as "opinions" without an adequate explanation of how 
the declaration fails to rebut the Examiner's position. See in re Alton 76 F.3d 1168 (Fed. Cir. 
1996). The Examiner has offered no reason or evidence to reject either the underlying data or 
Mr. Grimaldi's conclusions. Therefore, the Examiner should accept Mr. Grimaldi's opinion with 
regard to his statement that "any visually detectable difference seen between two samples is 
indicative of at least a two-fold difference in cDNA between the tumor tissue and the counterpart 
normal tissue" and that the genes of interest "can be used to differentiate tumor from normal." 

Given the disclosure of Example 18 and the supporting first Grimaldi declaration on the 
one hand, and the lack of any evidence on the other, it is clear that considering the evidence as a 
whole, one of skill in the art would conclude that it is more likely than not that the PR01357 
gene is differentially expressed in lung and stomach tumor tissue compared to their normal tissue 
counterparts such that is useful as a diagnostic tool to distinguish tumor tissue from normal tissue. 

As Appellants explain below, it is more likely than not that the PR01357 polypeptide is 
also differentially expressed in lung and stomach tumor tissue, and can therefore be used to 
distinguish tumor tissue from normal tissue. This provides utility for the claimed polypeptides. 

b. Appellants have established that generally there is a correlation between 
changes in mRNA expression levels and changes in the expression level 
of the encoded polypeptide 

Appellants next turn to the second portion of their argument in support of their asserted 
utility - that it is well-established in the art that in most cases a change in the level of mRNA for 
a particular polypeptide leads to a corresponding change in the level of the encoded polypeptide. 
Given Appellants' evidence of differential expression of the mRNA for the PR01357 
polypeptide in lung and stomach tumor, it is more likely than not that the PR01357 polypeptide 
is likewise differentially expressed, and therefore the claimed polypeptides are useful as 
diagnostic tools, particularly for lung and stomach tumor. 

In support of the assertion that changes in mRNA are positively correlated to changes in 
protein levels, Appellants submitted a second Declaration by J. Christopher Grimaldi, an expert 
in the field of cancer biology (originally submitted as Exhibit 2 with the Appellants' Amendment 
and Response to Office Action mailed September 22, 2004). As stated in paragraph 5 of the 
declaration, "Those who work in this field are well aware that in the vast majority of cases, when 

-29- 



Appl. No, : 10/063,586 

Filed : May 3, 2002 



a gene is over-expressed... the gene product or polypeptide will also be over-expressed.... This 
same principal applies to gene under-expression." Second Grimaldi Declaration at ^ 5. Further, 
"increased mRNA expression is expected to result in increased polypeptide expression, and the 
detection of decreased mRNA expression is expected to result in decreased polypeptide 
expression." Id. 

Appellants also submitted the declaration of Paul Polakis, Ph.D. an expert in the field of 

cancer biology (attached as Exhibit 3 to Appellants' Amendment and Response to Office Action 

mailed September 22, 2004). As stated in paragraph 6 of his declaration: 

Based on my own experience accumulated in more than 20 years of research, 
including the data discussed in paragraphs 4 and 5 above [showing a positive 
correlation between mRNA levels and encoded protein levels in the vast majority 
of cases studied in relation to the present invention] and my knowledge of the 
relevant scientific literature, it is my considered scientific opinion that for human 
genes, an increased level of mRNA in a tumor cell relative to a normal cell 
typically correlates to a similar increase in abundance of the encoded protein in 
the tumor cell relative to the normal cell. In fact, it remains a central dogma in 
molecular biology that increased mRNA levels are predictive of corresponding 
increased levels of the encoded protein . Polakis Declaration at \ 6 (emphasis 
added). 

Dr. Polakis acknowledges that there are published cases where such a correlation does not exist, 
but states that it is his opinion, based on over 20 years of scientific research, that "such reports 
are exceptions to the commonly understood general rule that increased mRNA levels are 
predictive of corresponding increased levels of the encoded protein." Polakis Declaration at U 6. 

The statements of Grimaldi and Polakis are supported by the teachings in Molecular 
Biology of the Cell, a leading textbook in the field (Alberts, et ai, Molecular Biology of the Cell 
(3 rd ed. 1994) (submitted with Appellants 5 Amendment and Response to Final Office Action and 
Request for Continued Examination mailed April 1, 2005 as Exhibit 1, hereinafter "Cell 3 rd ") and 
(4 th ed. 2002) (submitted with Appellants' Amendment and Response to Final Office Action 
mailed February 10, 2005 as Exhibit 1, hereinafter "Cell 4 th ")). Figure 9-2 of Cell 3 rd shows the 
steps at which eukaryotic gene expression can be controlled. The first step depicted is 
transcriptional control. Cell 3 rd provides that "[f]or most genes transcriptional controls are 
paramount. This makes sense because, of all the possible control points illustrated in Figure 9-2, 
only transcriptional control ensures that no superfluous intermediates are synthesized." Cell 3 rd 
at 403 (emphasis added). In addition, the text states that "Although controls on the initiation of 
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gene transcription are the predominant form of regulation for most genes , other controls can act 
later in the pathway from RNA to protein to modulate the amount of gene product that is made." 
Cell 3 rd at 453 (emphasis added). Thus, as established in Cell 3 rd , the predominant mechanism 
for regulating the amount of protein produced is by regulating transcription. 

In Cell 4 th , Figure 6-3 on page 302 illustrates the basic principle that there is a correlation 
between increased gene expression and increased protein expression. The accompanying text 
states that "a cell can change (or regulate) the expression of each of its genes according to the 
needs of the moment - most obviously by controlling the production of its mRNA" Cell 4 th at 
302 (emphasis added). Similarly, Figure 6-90 on page 364 of Cell 4 th illustrates the path from 
gene to protein. The accompanying text states that while potentially each step can be regulated 
by the cell, " the initiation of transcription is the most common point for a cell to regulate the 
expression of each of its genes ." Cell 4 th at 364 (emphasis added). This point is repeated on 
page 379, where the authors state that of all the possible points for regulating protein expression, 
" |Y]or most genes transcriptional controls are paramount ." Cell 4 th at 379 (emphasis added). 

Further support for Appellants' position can be found in the textbook, Genes VI, 
(Benjamin Lewin, Genes VI (1997)) (submitted with Appellants' Amendment and Response to 
Final Office Action mailed February 10, 2005 as Exhibit 2) which states "having acknowledged 
that control of gene expression can occur at multiple stages, and that production of RNA cannot 
inevitably be equated with production of protein, it is clear that the overwhelming majority of 
regulatory events occur at the initiation of transcription ." Genes VI at 847-848 (emphasis added). 

Additional support is also found in Zhigang et ai, World Journal of Surgical Oncology 
2:13, 2004 (submitted with Appellants' Amendment and Response to Final Office Action mailed 
February 10, 2005 as Exhibit 3). Zhigang studied the expression of prostate stem cell antigen 
(PSCA) protein and mRNA to validate it as a potential molecular target for diagnosis and 
treatment of human prostate cancer. The data showed "a high degree of correlation between 
PSCA protein and mRNA expression" Zhigang at 4. Of the samples tested, 81 out of 87 showed 
a high degree of correlation between mRNA expression and protein expression. The authors 
conclude that "it is demonstrated that PSCA protein and mRNA overexpressed in human prostate 
cancer, and that the increased protein level of PSCA was resulted from the upregulated 
transcription of its mRNA." Id at 6. Even though the correlation between mRNA expression 
and protein expression occurred in 93% of the samples tested, not 100%, the authors state that 
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"PSCA may be a promising molecular marker for the clinical prognosis of human Pea and a 

valuable target for diagnosis and therapy of this tumor." Id. at 7. 

Further, Meric et al, Molecular Cancer Therapeutics, vol. 1, 971-979 (2002), (submitted 

with Appellants' Amendment and Response to Final Office Action mailed February 10, 2005 as 

Exhibit 4), states the following: 

The fundamental principle of molecular therapeutics in cancer is to exploit the 
differences in gene expression between cancer cells and normal cells... [M]ost 
efforts have concentrated on identifying differences in gene expression at the 
level of mRNA, which can be attributable to either DNA amplification or to 
differences in transcription. Meric et al at 971 (emphasis added). 

Exploiting differences in gene expression between cancer cells and normal cells would not be a 
"fundamental principle" of molecular cancer therapeutics if there were no significant correlation 
between gene expression and protein levels. Stated another way, changes in mRNA without 
corresponding changes in protein levels would have little or no effect on cellular biology, and 
those of skill in the art would have no reason to examine the differences in gene expression at the 
mRNA level without such a correlation. However, as one of skill in the art recognizes, there is a 
strong correlation between changes in mRNA and changes in protein level. It is because of this 
strong correlation that it remains a "fundamental principle" of molecular therapeutics in cancer 
to look at changes in mRNA level. 

Together, the declarations of Grimaldi and Polakis, the accompanying references, and the 
excerpts and references discussed above all establish that the accepted understanding in the art is 
that there is a reasonable correlation between changes in gene expression and changes in the 
level of the encoded protein. In contrast to this substantial amount of evidence supporting 
Appellants' position, the Examiner has cited two references, Haynes et al and Konopka et al; 
moreover, the Examiner agrees that Konopka et al supports Appellants assertions. Thus, the 
Examiner provides only a single reference, Haynes, as countervailing Appellants' evidence. As 
discussed above, Haynes is not relevant to the issue of whether a change in mRNA levels leads 
to a change in the level of the corresponding protein. Therefore, it is clear that when considered 
as a whole, the preponderance of the evidence clearly weighs in favor of Appellants. 

Appellants have presented sufficient evidence to establish that the mRNA for PR01357 
is differentially expressed in stomach and lung tumors compared to their normal tissue 
counterparts, and that it is more likely than not that this leads to differential expression of the 
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PR01357 polypeptide. This makes the claimed polypeptides useful for diagnosing cancer, 
particularly stomach and lung tumors. Given the overwhelming amount of evidence in support 
of Appellants' position, and the near absence of any evidence in support of the Examiner's 
position, when considered as a whole, the evidence leads a person of ordinary skill in the art to 
conclude that the asserted utility is more likely than not true. 

c. The asserted utility is specific 

Finally, Appellants address the Examiner's argument that the asserted utilities are not 
specific to the claimed polypeptides related to PRO 1357. 

Specific Utility is defined as utility which is "specific to the subject matter claimed," in 
contrast to "a general utility that would be applicable to the broad class of the invention." 
M.P.E.P. § 2107.01 I. Appellants submit that the evidence of differential expression of the 
PRO 1357 gene and polypeptide in certain types of tumor cells, along with the declarations and 
references discussed above, provide a specific utility for the claimed polypeptides. 

As discussed above, there are significant data which show that the gene for the PR01357 
polypeptide is expressed at least two-fold higher in normal lung and stomach tissue compared to 
lung and stomach tumor, respectively. These data are strong evidence that the PRO 1357 gene 
and polypeptide are associated with lung and stomach tumors. Thus, contrary to the assertions of 
the Examiner, Appellants have provided evidence associating the PR01357 gene and 
polypeptide with specific diseases. The asserted utility for the claimed polypeptides as 
diagnostic tools for cancer, particularly lung and stomach tumor, is a specific utility - it is not a 
general utility that would apply to the broad class of polypeptides. 

8. The Examiner's Response to Appellants 9 Evidence is Insufficient to Rebut 
Appellants 9 Arguments 

The Examiner has concluded that the teachings of the specification, the declarations of 
Grimaldi and Polakis and accompanying references, the excerpts and references, and supporting 
arguments provided by Appellants are not persuasive. 
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a. The Examiner's response to the First Grimaldi Declaration 

The Examiner has dismissed the first Grimaldi Declaration because the disclosure in the 

specification is insufficient to overcome the utility rejection. The Examiner states: 

The conclusory statement of Grimaldi of the necessary existence of an at least 
two-fold differentiation in nucleic acid expression does not support a utility for or 
enable the invention because it does not fill important gaps in the disclosure 
needed to use the invention without significant further experimentation ... While 
a 'relative difference in expression between normal tissue and suspected 
cancerous tissue' can be informative, without more specifics about necessary 
sample size, expression level range for normal and tumor tissues, types of 
stomach or lung tissue that can [be] used, and other questions, the specification 
has not provided the invention in an enabling form. Office Action dated June 14, 
2005, at pages 7-8. 

Appellants submit that, as discussed above, the burden is not on Appellants to provide 
"specifics about necessary sample size, expression level range for normal and tumor tissues, 
types of stomach or lung tissue that can [be] used" (Id at page 8) in order to initially establish 
utility. Instead, the burden is on the Examiner to provide "evidence showing that one of ordinary 
skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 1566, 34 
U.S.P.Q.2d 1436 (Fed. Cir. 1995). 

The Examiner's rejection relies on placing the burden on Appellants to provide sufficient 

"specifics" in order to establish utility. As a result, the Examiner dismisses the Grimaldi 

reference "because it does not fill important gaps in the disclosure needed to use the invention." 

The Examiner does not rely on any evidence or reasoning to demonstrate why the specification 

must provide these enumerated experimental specifics, or to dismiss the Grimaldi declaration as 

not filling "important gaps in the disclosure." Instead, the Examiner erroneously places the 

burden on Appellants' specification to initially establish the utility of the claimed polypeptides, 

and disregards any statements in the Grimaldi declaration as not providing the information 

required of the specification. As discussed above, such a basis for a utility rejection is 

inconsistent with PTO policy and the guidelines provided by the courts. Moreover, statements of 

a Declaration are not to be dismissed without evaluation of the statements provided. "Office 

personnel must accept an opinion from a qualified expert that is based upon relevant facts whose 

accuracy is not being questioned." M.P.E.P. § 2107 (emphasis added). In addition, declarations 

relating to issues of fact should not be summarily dismissed as "opinions" without an adequate 

explanation of how the declaration fails to rebut the Examiner's position. See in re Alton 76 F.3d 
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1168 (Fed. Cir. 1996). The Examiner has offered no reason or evidence to reject either the 
underlying data or Mr. Grimaldi's conclusions. Therefore, the Examiner should accept Mr. 
Grimaldi's opinion with regard to his statement that "any visually detectable difference seen 
between two samples is indicative of at least a two-fold difference in cDNA between the tumor 
tissue and the counterpart normal tissue" and that the genes of interest "can be used to 
differentiate tumor from normal." 

Furthermore, the Examiner's criticisms of the specification and the Grimaldi declaration 
are based on assertions that the specification provides insufficient disclosure of differential 
nucleic acid expression. The Examiner has accepted Appellants differential expression evidence 
as supporting a utility for nucleic acids encoding the PR01357 polypeptide. Thus, the 
Examiner's basis for indicating failings of the specification and for dismissing the Grimaldi 
declaration are inconsonant with the Examiner's acceptance of the utility of nucleic acids 
encoding the PR01357 polypeptide. Accordingly, the Examiner's position is not even supported 
by the Examiner's own reasoning. 

Also regarding the Grimaldi declaration, the Examiner states: 

The declaration also says fl[5) that 'Data from a pooled sample are more likely to 
be accurate that [sic] data from a single individual.' This bags [sic] the question 
of whether the tissue from an individual could be assessed for whether or not it is 
cancerous. Clinical diagnostics are not usually geared toward a populous but 
toward an individual's particular condition. Office Action dated June 15, 2005, at 
pages 7-8. 

Thus, the Examiner is alleging that results from pooled samples have questionable 

relevance in clinical diagnostics because evidence of differential expression in a populous is not 

directed toward diagnosing an individual's particular condition. If it were true that a disease 

indicator, such as differential expression, from a population were not relevant to diagnosing 

disease in an individual, the concept of diagnosis would not exist. Appellants submit that 

diagnosis of an individual's particular disease condition is based on disease indicators derived 

from characteristics of a populous. The Examiner's rationale for criticizing the results from 

pooled samples would render any population-based disease-indicative information irrelevant. 

Appellants submit that disease-indicative information, such as differential expression, from a 

generalized population does provide a useful tool for diagnosing an individual particular 

condition because the information is "likely to represent a more generally relevant condition." 

First Grimaldi Declaration, at If 5. Accordingly, insofar as the Examiner holds that the data of 
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the specification and supporting evidence of the Grimaldi declaration are insufficient because 
they are not useful for diagnostic purposes, Appellants submit that the Examiner's basis for these 
holdings is unfounded. 

b. The Examiner's response to the Polakis Declaration and the Second 
Grimaldi Declaration 

The Examiner provides three reasons for dismissing the Polakis Declaration: 

First, it is important to note that the instant specification provides no information 
regarding decreased mRNA levels of PR01357 in tumor samples relative to 
normal samples. Only relative gene expression data was presented. Second, the 
declaration does not provide data such that the Examiner can independently draw 
conclusions. Only Dr. Polakis 5 conclusions are provided in the declaration. 
There is no evidentiary support to Dr. Polakis' statement that it remains central 
dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded polypeptide. Finally, it is noted 
that the literature cautions researchers from drawing conclusions based on small 
changes in transcript expression levels between normal and cancerous tissue 
[citing Hu et al\ Office Action dated December 13, 2004, at page 5. 

No subsequent Action from the Examiner provided any further reason for dismissing the 
Polakis Declaration. In contrast to the above, the most recent Office Action, dated June 14, 2005, 
has stated that "the asserted utility for the nucleic acid of SEQ ID NO:77 or the coding region 
thereof has been accepted upon further reconsideration" and the "encoding nucleic acid of SEQ 
ID NO:77 appears to be underexpressed in stomach and lung tumors." Office Action dated 
June 14, 2005, at pages 2 and 7. Thus, the first of the Examiner's reasons, "the instant 
specification provides no information regarding decreased mRNA levels of PRO 1357 in tumor 
samples relative to normal samples," is no longer consistent with the Examiner's present position. 
Further, the third of the Examiner's reasons, "the literature cautions researchers from drawing 
conclusions based on small changes in transcript expression levels between normal and 
cancerous tissue" also is inconsistent with the Examiner's recognition of utility of nucleic acids 
encoding the PR01357 polypeptide based on the changes in transcript expression levels between 
normal and cancerous tissue disclosed in Example 18. Further, the Examiner's third reason is 
based on Hu et al, which, as Appellants have discussed above, is not relevant to Appellants' 
asserted utility. 
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Thus, the only reason previously provided by the Examiner for dismissing the Polakis 
declaration which is not inconsistent with the Examiner's current position is that "the declaration 
does not provide data such that the Examiner can independently draw conclusions." Appellants 
again emphasize that statements of a Declaration are not to be dismissed without evaluation of 
the statements provided. "Office personnel must accept an opinion from a qualified expert that is 
based upon relevant facts whose accuracy is not being questioned." M.P.E.P. § 2107 (emphasis 
added). In addition, declarations relating to issues of fact should not be summarily dismissed as 
"opinions" without an adequate explanation of how the declaration fails to rebut the Examiner's 
position. See in re Alton 76 F.3d 1168 (Fed. Cir. 1996). The Examiner's dismissal of the 
Polakis declaration is not based on any reason or evidence other than a demand for "data such 
that the Examiner can independently draw conclusions," which is an impermissible basis for 
dismissing a declaration. Accordingly, the Examiner does not provide sufficient basis for 
dismissing the Polakis declaration. Furthermore, the Examiner does not provide any reasoning 
questioning any of the statements within the Polakis declaration. As such, the statements of the 
Polakis declaration have not been validly challenged by the Examiner, and, therefore, there is 
nothing in the record to controvert the Polakis declaration. 

Regarding the second Grimaldi declaration, the Examiner points only to statements 
discussing rare cases where protein expression does not correlate with mRNA expression. The 
Examiner is completely silent regarding the statement that "[T]hose who work in this field are 
well aware that in the vast majority of cases, when a gene is over-expressed... the gene product 
or polypeptide will also be over-expressed.... This same principal applies to gene under- 
expression." Second Grimaldi Declaration at K 5. No indication is provided by the Examiner 
whether or not the Examiner agrees with this statement. Moreover, no reasoning or evidence 
whatsoever has been offered by the Examiner to question these statements in the second 
Grimaldi declaration. As such, the above statements of the second Grimaldi declaration have not 
been challenged by the Examiner, and, therefore, there is nothing in the record to controvert 
these statements of the second Grimaldi declaration. 
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c. The Examiner's response to the Various Publications Submitted 

Appellants have submitted, inter alia, textbook excerpts and research publications in 
further support of the position that changes in mRNA levels are typically accompanied by 
changes in levels of the encoded polypeptide. In response, the Examiner has stated, regarding all 
such references: 

The argument has been fully considered, but is not persuasive. As discussed 
above, there is sound supporting evidence showing the unpredictability of saying 
level of expression of a particular nucleic acid will correlate with expression of 
the encoded protein. Office Action dated June 14, 2005, at page 10. 

As discussed above, of the evidence presented by the Examiner, only the Haynes and 
Konopka references discuss mRNA levels in relation to polypeptide levels, and Konopka 
squarely supports Appellants' assertions. Thus the Examiner's "sound supporting evidence" is a 
single reference, Haynes. The Examiner uses the teachings of this single reference to dismiss 
numerous teachings in textbooks and in research articles in support of the assertion that changes 
in mRNA levels are typically accompanied by changes in levels of the encoded polypeptide. 

Appellants submit that even if Haynes supported the Examiner's position, which it does 
not, dismissal of textbooks and research articles, including dismissal of the Examiner's own 
evidence, in view of a single research article, does not represent full consideration of the totality 
of the record in fairly evaluating the utility of the claimed polypeptides. 

As provided in the M.P.E.P.: 

It is essential for Office personnel to recognize, fully consider and respond to each 
substantive element of any response to a rejection based on lack of utility. Only 
where the totality of the record continues to show that the asserted utility is not 
specific, substantial, and credible should a rejection based on lack of utility be 
maintained. M.P.E.P. § 2107 

Appellants have submitted Declarations, textbook excerpts and research articles in 

support of Appellants assertion that one skilled in the art would have believed that changes in 

mRNA levels are typically accompanied by changes in levels of the encoded polypeptide. 

Further, the Examiner has presented Konopka, which supports Appellants' position. To contest 

Appellants' assertions, the Examiner presented Haynes, which the Examiner alleges teaches the 

unpredictability of polypeptide levels compared to mRNA levels. Thus in fully considering the 

totality of the record, the Examiner places more weight on the single reference by Haynes than 

on all of Appellants' evidence and the Konopka reference cited by the Examiner herself. 
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Appellants submit that, contrary to the Examiner's holding, the totality of the record shows that 
the asserted utility is specific, substantial, and credible, and the Examiner's holding otherwise 
does not represent a fair and full consideration of the totality of the record, as required. 

9. The Courts have held that the Utility Requirement was Satisfied in Similar 
Cases 

The seminal decision interpreting the utility requirement of 35 U.S.C. § 101 is Brenner v. 
Manson, 383 U.S. 519, 148 U.S.P.Q. 689 (1966). At issue in Brenner was a claim to "a 
chemical process which yields an already known product whose utility - other than as a possible 
object of scientific inquiry - ha[d] not yet been evidenced." Id. at 529, 148 U.S.P.Q. at 693. The 
Patent Office rejected the claimed process for lack of utility because the product produced by the 
claimed process had no known use. See id. at 521-22, 148 U.S.P.Q. at 690. On appeal, the Court 
of Customs and Patent Appeals reversed, holding "where a claimed process produces a known 
product it is not necessary to show utility for the product." Id. at 522, 148 U.S.P.Q. at 691. 

In reviewing the lower court's decision, the Court made its oft quoted statement that 
"[t]he basic quid pro quo contemplated by the Constitution and the Congress for granting a 
patent monopoly is the benefit derived by the public from an invention with substantial utility. 
Unless and until a process is refined and developed to this point - where specific benefit exists in 
currently available form - there is insufficient justification for permitting an Appellant to engross 
what may prove to be a broad field." Id. at 534-35, 148 U.S.P.Q. at 695. 

The first opinion of the C.C.P.A. applying Brenner was In re Kirk, 376 F.2d 936, 153 
U.S.P.Q. 48 (C.C.P.A. 1967). The invention claimed in Kirk was a set of steroid derivatives said 
to have valuable biological properties and to be of value "in the furtherance of steroidal research 
and in the application of steroidal materials to veterinary or medical practice." Id. at 938, 153 
U.S.P.Q. at 50. In affirming the claim rejection based on a lack of utility, the court held that the 
"nebulous expressions 'biological activity' or 'biological properties'" did not adequately convey 
how to use the claimed compounds." Id. at 941, 153 U.S.P.Q. at 52. The court also rejected 
Appellants' supporting affidavit, stating, "the sum and substance of the affidavit appears to be 
that one of ordinary skill in the art would know 'how to use' the compounds to find out in the 
first instance whether the compounds are - or are not - in fact useful or possess useful properties, 
and to ascertain what those properties are." Id. at 942, 153 U.S.P.Q. at 53. 
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Since these early decisions, the courts have continued to clarify what is sufficient to 
satisfy the utility requirement. Three more recent decisions are of particular relevance to the 
instant application: Nelson v. Bowler, 626 F.2d 853, 206 U.S.P.Q. 881 (C.C.P.A. 1980), Cross v. 
lizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 (Fed. Cir. 1985), and Fujikawa v. Wattanasin, 93 F.3d 
1559, 39 U.S.P.Q. 2d 1895 (Fed. Cir. 1996). 

The earliest of these cases, Nelson v. Bowler, involved an interference between two 
applications related to derivatives of naturally occurring prostaglandins (PG). Nelson, 626 F.2d 
at 854-55. The issue was whether Nelson had shown at least one utility for the compounds at 
issue to establish an actual reduction to practice. Id. at 855. The Appellants relied on two tests 
to prove practical utility: an in vivo rat blood pressure (BP) test and an in vitro gerbil colon 
smooth muscle stimulation (GC-SMS) test. In the BP test, the blood pressure of anesthetized 
rats was recorded on a polygraph chart to determine whether an injected compound had any 
effect. Responses were categorized as either a depressor (lowering) effect or a pressor 
(elevating) effect. Id. In the GC-SMS test a section of colon was excised from a freshly-killed 
gerbil for suspension in a physiological solution, and a lever arm was connected to the colon in 
such a way that any contraction was recorded as a polygraph trace. Id. The Board held that 
Nelson had not shown adequate proof of practical utility, characterizing the tests as "rough 
screens, uncorrelated with actual utility." Id. at 856. 

On appeal the C.C.P.A. reversed, holding that the Board "erred in not recognizing that 

tests evidencing pharmacological activity may manifest a practical utility even though they may 

not establish a specific therapeutic use." Id. The Court stated that "practical utility" was 

characterized as a use of the claimed discovery in a manner which provides some immediate 

benefit to the public, establishing the following rule: 

Knowledge of the pharmacological activity of any compound is obviously 
beneficial to the public. It is inherently faster and easier to combat illnesses and 
alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities. Since it is crucial to provide 
researchers with an incentive to disclose pharmacological activities in as many 
compounds as possible, we conclude that adequate proof of any such activity 
constitutes a showing of practical utility. Id. (emphasis added). 

The Court rejected Bowler's argument that the BP and GC-SMS tests are inconclusive 
showings of pharmacological activity since confirmation by statistically significant means did 
not occur until after the critical date. The Court stated that "a rigorous correlation is not 
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necessary where the test for pharmacological activity is reasonably indicative of the desired 
response." Id (emphasis added). The Court concluded that a " reasonable correlation " between 
the observed properties and the suggested use was sufficient to establish practical utility. Id. at 
857. 

The sufficiency of a "reasonable correlation" in establishing utility was affirmed by the 
Court of Appeals for the Federal Circuit in Cross v. Iizuka, 753 F.2d 1040, 224 U.S.P.Q. 739 
(Fed. Cir. 1985). In Cross, the subject of the interference before the Court was imidazole 
derivative compounds which inhibit the synthesis of thromboxane synthetase, an enzyme which 
leads to the formation of thromboxane A 2 . At the time the applications were filed, 
thromboxane A 2 was postulated to be involved in platelet aggregation, which was associated 
with several deleterious conditions. Id at 1042. 

The question before the Board and reviewed by the Court was whether Iizuka was 
entitled to the benefit of his Japanese priority application. Id. The Japanese application 
disclosed that the imidazole derivatives showed strong inhibitory action for thromboxane 
synthetase from human or bovine platelet microsomes, an in vitro utility. Id. at 1043. Relying in 
part on Nelson, the Board held that tests evidencing pharmacological activity may manifest a 
practical utility even though they may not establish a specific therapeutic use, and concluded that 
the in vitro tests were sufficient to establish a practical utility. Id. 

On appeal, Cross argued that the basic in vitro tests conducted in cellular fractions did not 
establish a practical utility for the claimed compounds, and that more sophisticated in vitro or in 
vivo tests were necessary to establish a practical utility. Id. at 1050. The Court rejected this 
argument, noting that adequate proof of any pharmaceutical activity constitutes a showing of 
practical utility. Id. The Court accepted the argument that initial testing of compounds is widely 
done in vitro: 

[I\n vitro results... are generally predictive of in vivo test results, i.e., there is a 
reasonable correlation therebetween. Were this not so, the testing procedures of 
the pharmaceutical industry would not be as they are. Iizuka has not urged, and 
rightly so, that there is an invariable exact correlation between in vitro test results 
and in vivo test results. Rather, Iizuka' s position is that successful in vitro testing 
for a particular pharmacological activity establishes a significant probability that 
in vivo testing for this particular pharmacological activity will be successful. Id. 
(emphasis added). 
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The Court also noted that in previous decisions, its predecessor court had accepted 

evidence of in vivo utility as sufficient to establish practical utility. The Court reasoned that: 

This in vivo testing is but an intermediate link in a screening chain which may 
eventually lead to the use of the drug as a therapeutic agent in humans. We 
perceive no insurmountable difficulty, under appropriate circumstances, in finding 
that the first link in the screening chain, in vitro testing, may establish a practical 
utility for the compound in question. Successful in vitro testing will marshal 
resources and direct the expenditure of effort to further in vivo testing of the most 
potent compounds, thereby providing an immediate benefit to the public, 
analogous to the benefit provided by the showing of an in vivo utility . Id at 1051, 
citing Nelson, 626 F.2d at 856 (emphasis added). 

Based on this reasoning, the Court affirmed the decision of the Board, stating that "based 
upon the relevant evidence as a whole, there is a reasonable correlation between the disclosed in 
vitro utility and an in vivo activity, and therefore a rigorous correlation is not necessary where 
the disclosure of pharmacological activity is reasonable based upon the probative evidence." Id 
at 1050 (emphasis added). The Court therefore held that the disclosed in vitro utility was 
"sufficient to comply with the practical utility requirement of § 101." Id. at 1051. 

The holdings of Nelson and Cross were more recently affirmed in Fujikawa v. 

Wattanasin, 93 F.3d 1559, 39 U.S.P.Q.2d 1895 (Fed. Cir. 1996). In Fujikawa, the Court again 

affirmed the notion that initial screens of compounds provide a practical utility even though they 

may not provide a therapeutic use because "'[i]t is inherently faster and easier to combat 

illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 

chemicals having known pharmacological activities.'" Id. at 1564, quoting Nelson, 626 F.2d at 

856. The Court noted that it may be difficult to predict whether novel compounds will exhibit 

pharmacological activity, and consequently testing is often required to establish practical utility. 

Id However the Court went on to state: 

But the test results need not absolutely prove that the compound is 
pharmacologically active. All that is required is that the tests be "reasonably 
indicative of the desired [pharmacological] response." In other words, there must 
be a sufficient correlation between the tests and an asserted pharmacological 
activity so as to convince those skilled in the art, to a reasonable probability , that 
the novel compound will exhibit the asserted pharmacological behavior." Id. 
(internal citations omitted, underline emphasis added, italics in original). 

On appeal, Fujikawa argued that Wattanasin had failed to establish an adequate 
correlation between the in vitro and in vivo results to permit Wattanasin to rely on positive in 
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vitro results to establish a practical utility. The Court stated that the Board relied on testimony 
from those skilled in the art that the in vitro results convinced the experts that the claimed 
compounds would exhibit the desired pharmacological activity when administered in vivo, 
including testimony that in vivo activity is typically highly correctable to a compound's in vitro 
activity in the field. Id. at 1565. To overcome this evidence and counter the Board's decision, 
Fujikawa pointed to the testimony of its expert that "there is a reasonable element of doubt that 
some elements may be encountered which are active in the in vitro assay, but yet inactive in the 
in vivo assay." Id. 

The Court rejected this argument: "Of course, it is possible that some compounds active 
in vitro may not be active in vivo. But, as our predecessor court in Nelson explained, a 'rigorous 
correlation' need not be shown in order to establish practical utility; 'reasonable correlation' 
suffices ." Id. (emphasis added). The Court also rejected Fujikawa's reliance on two articles. 
The Court noted that while one article taught that "in vitro testing is sometimes not a good 
indicator of how potent a compound will be in v/vo, it does imply that compounds which are 
active in vitro will normally exhibit some in vivo activity." Id. at 1566. Similarly, the Court 
noted that the second article expressly stated that "[fjor most substances, although not for all, the 
relative potency determined in in vitro . . . parallels the in vivo activity." Id. 

The Court concluded that the facts in the case were analogous to the ones in Cross where 
the court relied on a known reasonable correlation between in vitro tests and in vivo activity, and 
therefore affirmed the Board's decision that Wattanasin had established a practical utility with 
the in vitro results. Id. at 1565-66. 

The Nelson, Cross, and Fujikawa cases are very similar to the present case. The 
reasoning of the courts in all three cases that "'[i]t is inherently faster and easier to combat 
illnesses and alleviate symptoms when the medical profession is armed with an arsenal of 
chemicals having known pharmacological activities'" applies to the asserted utility for the 
claimed polypeptides. Fujikawa, 93 F.3d at 1564, quoting Nelson, 626 F.2d at 856; see also 
Cross, 753 F.2d at 1051 ("Successful in vitro testing will marshal resources and direct the 
expenditure of effort to further in vivo testing of the most potent compounds, thereby providing 
an immediate benefit to the public, analogous to the benefit provided by the showing of an in 
vivo utility."). Like pharmaceutical compounds, nucleic acids, polypeptides, and antibodies 
which are associated with cancer will make it inherently faster and easier to combat cancer. The 
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greater the number of biological markers of cancer medical professionals have access to, the 
more accurate and detailed a diagnosis they can make. The determination that a gene is 
differentially expressed in cancer constitutes at least as significant a development in the field of 
cancer diagnostics as in vitro screening for pharmaceutical activity. See Cross, 753 F.2d at 1051 
("the first link in the screening chain, in vitro testing, may establish a practical utility for the 
compound in question. Successful in vitro testing will marshal resources and direct the 
expenditure of effort to further in vivo testing of the most potent compounds, thereby providing 
an immediate benefit to the public.")- 

In addition, like in vitro tests in the pharmaceutical industry, those of skill in the field of 
biotechnology rely on the reasonable correlation that exists between gene expression and protein 
expression (see discussion supra). Were there no reasonable correlation between the two, the 
techniques that measure gene levels such as microarray analysis, differential display, and 
quantitative PCR would not be so widely used by those in the art. See Second Grimaldi 
Declaration at \ 5. As in Cross, Appellants here do not argue that there is "an invariable exact 
correlation" between gene expression and protein expression. See Cross, 753 F.2d at 1050. 
Instead, Appellants' position detailed above is that a measured change in gene expression in 
cancer cells establishes a "significant probability" that the expression of the encoded polypeptide 
in cancer will also be changed based on "a reasonable correlation therebetween." Id.; see also 
Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order to establish 
practical utility; 'reasonable correlation' suffices"); Nelson, 626 F.2d at 857 (holding that "a 
rigorous correlation is not necessary" and that a "reasonable correlation" will suffice). 

Also of importance is the Court's rejection of the notion that any in vitro testing must be 
statistically significant to support a practical utility. Nelson, 626 F.2d at 857. Likewise, 
qualitative characterizations of a test compound as either increasing or decreasing blood pressure 
was acceptable. Id at 855 (stating that responses were categorized as either a depressor 
(lowering) effect or a pressor (elevating) effect). This is similar to the data in Example 18, 
where the change in mRNA levels is described as "more highly expressed." 

The Examiner has stated that "[t]he instant situation is directly analogous to that which 
was addressed in Brenner v. Manson, 148 U.S.P.Q. 689 (Sus. [sic] Ct, 1966)." Office Action 
dated June 14, 2005, at page 6. However, the Examiner points to no facts whatsoever in either 
Brenner v. Manson or the present case in support of the assertion that they are "directly 
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analogous." Appellants submit that the present case is not similar to Brenner v. Manson. In 
Brenner v. Manson, the claimed subject matter at issue was a process for making a product with 
no known utility. In the present case, the claimed subject matter is directed to polypeptides that 
are useful for cancer diagnostics, and Appellants' assertions of utility are supported by 
differential expression data of the encoding mRNA. Thus, Appellants submit that the above- 
discussed court cases which followed Brenner v. Manson are most related to the instant situation, 
and these cases have held in favor of a utility for the claimed subject matter. 

In conclusion, Appellants have asserted that the claimed polypeptides are useful for the 
diagnosis of cancer, particularly stomach and lung cancer based on the data in Example 18. This 
utility is far beyond the nebulous expressions "biological activity" or "biological properties" 
rejected in In re Kirk, 376 F.2d 936, 153 U.S.P.Q. 48 (C.C.P.A. 1967). Like Nelson, Cross, and 
Fujikawa, Appellants have asserted a utility which relies on a reasonable correlation between the 
data disclosed in the application and the asserted utility. The fact that there may be limited 
evidence that the correlation is not exact does not invalidate Appellants' showing of utility since 
the correlation need not be a rigorous or exact one. Considering the relevant evidence as a whole, 
Appellants have provided sufficient evidence to establish a reasonable correlation between 
changes in the level of mRNA and corresponding changes in the level of the encoded 
polypeptide. Therefore the claimed polypeptides have a practical utility as diagnostic tools for 
stomach and lung cancer. 

10. Utility - Conclusion 

Appellants' asserted utility for the claimed polypeptides as diagnostic tools for cancer 
corresponds in scope to the subject matter sought to be patented and therefore "must be taken as 
sufficient to satisfy the utility requirement of § 101 for the entire claimed subject." In re hanger, 
503 F.2d 1380, 1391, 183 U.S.P.Q. 288, 297 (C.C.P.A. 1974). The Examiner's unsupported 
arguments and references are not sufficient evidence to make a prima facie showing that "one of 
ordinary skill in the art would reasonably doubt the asserted utility." In re Brana, 51 F.3d 1560, 
1566, 34 U.S.P.Q.2d 1436 (Fed. Cir. 1995). 

And even if the Examiner has established a prima facie case, Appellants have offered 
sufficient rebuttal evidence in the form of expert declarations and references, which, when 
considered as a whole, establish that it is more likely than not that the asserted utility is true. See 
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In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 1992) (stating that the 
evidentiary standard to be used throughout ex parte examination in setting forth a rejection is a 
preponderance of the evidence, or "more likely than not" standard); M.P.E.P. at § 2107.02, part 
VII ("evidence will be sufficient if, considered as a whole, it leads a person of ordinary skill in 
the art to conclude that the asserted utility is more likely than not true .") (emphasis in original). 

Finally, the courts' decisions in similar cases make clear that the evidence provided by 
Appellants is sufficient to establish the asserted utility. The evidence does not need to be direct 
evidence, nor does it need to provide an exact correlation between the submitted evidence and 
the asserted utility. Instead, evidence which is "reasonably" correlated with the asserted utility is 
sufficient. See Fujikawa, 93 F.3d at 1565 ("a 'rigorous correlation' need not be shown in order 
to establish practical utility; 'reasonable correlation' suffices"); Cross, 753 F.2d at 1050 (same); 
Nelson, 626 F.2d at 857 (same). Considering the evidence as a whole in light of the relevant 
cases, the Board should find that Appellants have established at least one specific, substantial, 
and credible utility, and the Examiner's rejection of the pending claims as lacking utility should 
be reversed. 

C. Enablement Rejection 

The second issue before the Board is whether Appellants have enabled the pending 
claims such that one of skill in the art would be able to make and use the claimed invention. The 
Examiner has rejected Claims 6-8 and 11-17 under 35 U.S.C. § 112, first paragraph, asserting 
that because the claimed invention is not supported by either a specific or substantial asserted 
utility or a well-established utility, one skilled in the art would not know how to use the claimed 
invention. See Office Action dated June 14, 2005, at page 3. 

The Examiner recites the factors for determining enablement from In re Wands, 858 F.2d 
731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), relying on the arguments made in support of the 
rejection for lack of utility. 

Appellants submit that Claims 6-8 and 11-17 are enabled such that one of skill in the art 
could make and use the claimed polypeptides without undue experimentation. With respect to 
Claims 6-8 and 11-13, how to make the polypeptide of SEQ ID NO: 78 and the polypeptide 
encoded by the cDNA deposited under ATCC accession number 203240 was within the skill in 
the art. Similarly, with respect to Claims 14-17, it was well within the skill of those in the art to 
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make polypeptides that are at least 95% identical to SEQ ID NO: 78 and the polypeptide encoded 
by ATCC 203240, and it was well within those of skill in the art to make antibodies which are 
specific to a disclosed sequence. See In re Wands, 858 F.2d 731 (reversing the Board's decision 
of non-enablement and holding that as of 1980, undue experimentation was not required to make 
high-affinity monoclonal antibodies to a target peptide). Thus, one of skill in the art would be 
able to make the claimed polypeptides without undue experimentation. The Examiner has not 
made any arguments to the contrary. 

As described above, Appellants assert that the claimed polypeptides are useful as 
diagnostic tools for cancer, particularly lung and stomach cancer. This use is based in part on the 
disclosure in Example 18 of the instant application that the nucleic acid encoding the PR01357 
polypeptide is at least two-fold differentially expressed in lung and stomach tumor relative to 
normal lung and stomach, respectively. As detailed above, it is well-established that changes in 
expression levels of mRNA leads to corresponding changes in expression levels of the encoded 
polypeptide, and thus it is likely that the PRO 1357 polypeptide also is differentially expressed in 
lung and stomach cancer. Thus, based on the disclosure in the application, one of skill in the art 
would be able to use the claimed polypeptides as diagnostic tools to distinguish suspected lung 
and stomach tumors from normal tissue without undue experimentation. 

1. Enablement - Legal Standard 

An application enables the claims "if one skilled in the art, after reading the[] disclosure^, 
could practice the invention claimed ... without undue experimentation." Chiron Corp. v. 
Genenteck Inc., 363 F.3d 1247, 1253 (Fed. Cir. 2004). "But the question of undue 
experimentation is a matter of degree. The fact that some experimentation is necessary does not 
preclude enablement; what is required is that the amount of experimentation 'must not be unduly 
extensive.'" PPG Indus., Inc. v. Guardian Indus., Corp., 75 F.3d 1558, 1564 (Fed. Cir. 1996) 
(quoting Atlas Powder Co. v. E.I. DuPont de Nemours & Co., 750 F.2d 1569, 1576 (Fed, Cir. 
1984)). 

While the application must enable one skilled in the art to practice the full scope of the 
claimed invention, "[t]hat is not to say that the specification itself must necessarily describe how 
to make and use every possible variant of the claimed invention, for the artisan's knowledge of 
the prior art and routine experimentation can often fill gaps, interpolate between embodiments, 
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and perhaps even extrapolate beyond the disclosed embodiments, depending upon the 
predictability of the art." AK Steel Corp. v. Sollac, 344 F.3d 1234, 1244 (Fed. Cir. 2003). 

"Enablement is not precluded by the necessity for some experimentation such as routine 
screening. However, experimentation needed to practice the invention must not be undue 
experimentation. The key word is 'undue,' not 'experimentation.'" In re Wands 858 F.2d 731, 
736-7, 8 U.S.P.Q.2d 1400, (Fed. Cir. 1988), citations omitted. 

It is equally clear that a rejection based on "lack of utility " whether grounded 
upon 35 U.S.C. 101 or 35 U.S.C. 112, first paragraph, rests on the same basis (i.e., 
the asserted utility is not credible) . To avoid confusion, any rejection that is 
imposed on the basis of 35 U.S.C. 101 should be accompanied by a rejection 
based on 35 U.S.C. 112, first paragraph. The 35 U.S.C. 112, first paragraph, 
rejection should be set out as a separate rejection that incorporates by reference 
the factual basis and conclusions set forth in the 35 U.S.C. 101 rejection. The 35 
U.S.C. 112, first paragraph, rejection should indicate that because the invention as 
claimed does not have utility, a person skilled in the art would not be able to use 
the invention as claimed, and as such, the claim is defective under 35 U.S.C. 1 12, 
first paragraph. A 35 U.S.C. 1 12, first paragraph, rejection should not be imposed 
or maintained unless an appropriate basis exists for imposing a rejection under 35 
U.S.C. 101. In other words, Office personnel should not impose a 35 U.S.C. 
112, first paragraph, rejection grounded on a 4 iack of utility" basis unless a 
35 U.S.C. 101 rejection is proper . In particular, the factual showing needed to 
impose a rejection under 35 U.S.C. 101 must be provided if a rejection under 35 
U.S.C. 112, first paragraph, is to be imposed on "lack of utility" grounds. 

*** 

To avoid confusion during examination, any rejection under 35 U.S.C. 112, first 
paragraph, based on grounds other than "lack of utility" should be imposed 
separately from any rejection imposed due to "lack of utility" under 35 U.S.C. 
101 and 35 U.S.C. 1 12, first paragraph. M.P.E.P. § 2107.01 IV (emphasis added). 

2. Enablement - Burden of Proof 

In order to make an enablement rejection, the PTO has the initial burden to establish a 
reasonable basis to question the enablement provided for the claimed invention. See M.P.E.P. 
§ 2164.04. A specification teaching how to make and use the claimed subject matter must be 
taken as being in compliance with the enablement requirement unless there is a reason to doubt 
the objective truth of the statements contained therein which are relied on for enabling support. 
Id. It is incumbent for the PTO "to explain why it doubts the truth or accuracy of any statement 
in a supporting disclosure and to back up assertions of its own with acceptable evidence or 
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reasoning which is inconsistent with the contested statement." Id (quoting In re Marzocchi, 439 
F.2d 220, 224, 169 U.S.P.Q. 367, 370 (C.C.P.A. 1971). This can be done "by making specific 
findings of fact, supported by the evidence, and then drawing conclusions based on these 
findings of fact." Id. 

3. Enablement - Standard of Proof 

Once the examiner has weighed all the evidence and established a reasonable basis to 
question the enablement provided for the claimed invention, the burden falls on the applicant to 
present persuasive arguments, supported by suitable proofs where necessary, that one skilled in 
the art would be able to make and use the claimed invention using the application as a guide. See 
M.P.E.P, § 2164.05. "The evidence provided by applicant need not be conclusive but merely 
convincing to one skilled in the art." Id. (bold emphasis added, underline in original). "A 
declaration or affidavit is, itself evidence that must be considered ," Id (emphasis in original). 

The examiner must then "weigh all the evidence before him or her, including the 
specification and any new evidence supplied by applicant with evidence and/or sound scientific 
reasoning previously presented in the rejection and decide whether the claimed invention is 
enabled." Id. "The examiner should never make the determination based on personal opinion. 
The determination should always be based on the weight of all the evidence." Id. (emphasis in 
original). 

4. Appellants' Claimed Polypeptides have Utility, and, therefore are Enabled 

Appellants submit that because the claimed polypeptides have substantial, specific and 
credible utility, it is not proper to reject the claimed polypeptides as lacking enablement on a 
"lack of utility" basis. In the Office Action mailed June 14, 2005, the Examiner's reasoning for 
rejecting the claims as lacking utility are closely interwoven with the Examiner's reasoning for 
rejecting the claims as lacking enablement. While Appellants acknowledge that claims can be 
rejected as drawn to subject matter having utility while nevertheless lacking enablement, in the 
instant case, the Examiner's reasoning and submitted evidence for holding that the claims lack 
enablement are the same as those for holding that the claims lack utility. Thus, by interweaving 
utility and enablement rejections, the Examiner demonstrates that the enablement rejection is 
grounded on a "lack of utility" basis. 
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Under the M.P.E.P.: 

A 35 U.S.C. 112, first paragraph, rejection should not be imposed or maintained 
unless an appropriate basis exists for imposing a rejection under 35 U.S.C. 101. In 
other words. Office personnel should not impose a 35 U.S.C. 112, first paragraph, 
rejection grounded on a "lack of utility" basis unless a 35 U.S.C. 101 rejection is 
proper. M.P.RP. § 2107.01 IV (emphasis added). 

Appellants submit that because the Examiner's enablement rejection is grounded on a 
"lack of utility" basis, the present enablement rejection is only proper if the utility rejection is 
proper. Appellants have argued above that one skilled in the art would have believed the 
claimed polypeptides have a substantial, specific and credible utility, and, thus, a utility rejection 
for the claimed polypeptides is not proper. Appellants further submit that because a utility 
rejection for the claimed polypeptides is not proper, the Examiner's enablement rejection of the 
claimed polypeptides also is not proper. 

The Examiner appears to take a different position on this matter. In response to 
Appellants' citation of In re Brana as holding that usefulness in patent law necessarily includes 
the expectation of further research and development, the Examiner stated: 

This argument has been fully considered, but is not persuasive. While Brana did 
deal with a rejection under 35 USC 1 12, first paragraph, the rejection was direct 
[sic] toward utility-specific, substantial and credible use-instead of enablement. 
While it is true that administration of a pharmaceutical to a human is not always 
necessary for either utility or enablement, one must know how to use the 
invention without undue experimentation. In the instant situation, Applicants 
claim a polypeptide which is at least 95% identical to SEQ ID NO:78, which it is 
maintained the disclosure does not enable the use of. Office Action dated June 14, 
2005, at pages 3-4. 

Thus, the Examiner acknowledges Brana considered the propriety of a rejection under 35 U.S.C. 
§112, first paragraph, by evaluating whether or not the claimed subject matter had a utility. 
However, the Examiner appears to take the position that Brana is not applicable to the present 
enablement rejection because Brana was directed to a finding of a lack of utility. Appellants 
submit that Brana is applicable to the present case because the instant enablement rejection is 
based on the assertion that one would not have known how to use a polypeptide that lacked 
utility, and, thus, very closely parallels the rejection at issue in Brana, Thus, in accordance with 
Brana, Appellants submit that because one skilled in the art would have recognized the utility of 
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the claimed polypeptides (as discussed above), one skilled in the art would have known how to 

use the claimed polypeptides. 

In the Office Action mailed June 14, 2005, interspersed between sections directed to the 

utility rejection, the Examiner included a section discussing the factors to be considered in 

determining whether a disclosure meets the enablement requirement as described in In re Wands, 

858 F.2d 731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988), in evaluating whether Appellants' asserted 

utility would have enabled one skilled in the art to use the claimed polypeptides. Briefly, the 

Examiner's " Wands factors" analysis is based on arguments already used in asserting that the 

claims lack utility: the protein did not have an art-recognized use, there is evidence that nucleic 

acid expression does not correlate with protein expression, and the specification does not provide 

sufficient experimental details. Furthermore, by interspersing arguments directed toward lack of 

utility with arguments directed toward lack of enablement, the Examiner demonstrates that the 

enablement rejection is based on lack of utility grounds. If the enablement rejection were to be 

based on grounds other than lack of utility, the rejections should have been imposed separately 

according to the M.P.E.P., which admonishes: 

To avoid confusion during examination, any rejection under 35 U.S.C. 1 12, first 
paragraph, based on grounds other than "lack of utility" should be imposed 
separately from any rejection imposed due to "lack of utility" under 35 U.S.C. 
101 and 35 U.S.C. 1 12, first paragraph. M.PRP §2107.01 IV. 

The Examiner did not separate the enablement rejection from the utility rejection. Moreover, the 
Examiner's "Wands factors" analysis is not based on any argument or evidence not already used 
by the Examiner in holding that the claims lack utility. As such, the Examiner's "Wands factors" 
analysis is grounded on a "lack of utility" basis; accordingly, the Examiner's enablement 
rejection is only proper if the utility rejection is proper. 

In view of the above, Appellants submit that if the claimed polypeptides are determined 
to have a substantial, specific and credible utility, the enablement rejection of the claims is 
improper because the enablement rejection is grounded on the lack of utility of the claimed 
polypeptides. Appellants submit that in the above sections Appellants have demonstrated that 
one skilled in the art would have believed that the claimed polypeptides have a substantial, 
specific and credible utility. Accordingly, Appellants submit that the enablement rejection of 
these claims is improper. 
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5. Appellants 9 Specification Teaches How to Make and Use the Claimed Subject 
Matter 

Leaving aside Appellants' argument that the scope of the enablement rejection extends no 
further than the utility rejection, Appellants submit that the specification enables one skilled in 
the art to make and use the full scope of the claims without undue experimentation. The claimed 
subject matter relates to polypeptides of SEQ ID NO: 78 and the polypeptide encoded by ATCC 
deposit 203240, and polypeptides which are at least 95% identical to those polypeptides and 
which can be used to make antibodies that specifically detect the polypeptide of SEQ ID NO: 78 
in stomach or lung tissue. The specification discloses how to make the claimed polypeptides, for 
example in paragraphs [0283]-[0315] and Examples 6-9. In addition, methods for making 
polypeptides which are at least 95% identical to SEQ ID NO: 78 by making substitutions or 
deletions are also disclosed in the specification and were well known in the art. See e.g., 
Specification at ffl|[0256]-[0271]. Methods for making and testing antibodies for specificity were 
well known in the art, and are disclosed in the specification, including paragraphs [0365]-[0374] 
and Example 10 of the specification, which specifically describes the preparation of antibodies 
that bind PRO polypeptides. In addition, the specification discloses that antibodies to claimed 
polypeptides can be used in diagnostic assays to detect the expression of PR01357 in specific 
types of tissue. See e.g., Specification at ^[[0407]. In light of the differential expression of the 
nucleic acid encoding the PR01357 polypeptide in lung and stomach tumors compared to 
normal lung and stomach, respectively, one of skill in the art would have expected the PR01357 
polypeptide to be differentially expressed in these tumors as well. Therefore, given the teaching 
in the specification on how to make and use the claimed polypeptides to detect expression of 
PR01357 in specific tissues, one of skill in the art would have been enabled to practice the 
claimed invention without undue experimentation. 

Because Appellants' specification teaches how to make and use the claimed subject 
matter, it must be taken as being in compliance with the enablement requirement unless there is a 
reason to doubt the objective truth of the statements contained therein which are relied on for 
enabling support. See M.P.E.P. §2164.04. 
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6. The Examiner's Arguments and Appellants 9 Responses 

As mentioned above, the Examiner has relied on the factors to be considered in 
determining whether a disclosure meets the enablement requirement as described in In re Wands, 
858 R2d 731, 8 U.S.P.Q. 2d 1400 (Fed. Cir. 1988). The Examiner's arguments are solely 
directed at the "use" prong of the enablement question. Despite Appellants' position that the 
Examiner's "Wands factors" analysis is based on the asserted lack of utility, Appellants 
nevertheless reply to the Examiner's arguments regarding each "Wands factor" in turn below. 

a. The breadth of the claims 
The Examiner asserts that the "breadth of the claims is broad, encompassing structural 
variation." Office Action dated June 14, 2005, at page 4. No other reasoning is provided. 
Appellants submit that not all claims that encompass a variation in structure are per se broad, and 
that the presently claimed polypeptides are members of a finite genus of highly related 
polypeptides. 

The broadest pending claim is directed to an isolated polypeptide having at least 95% 
amino acid sequence identity to (a) the amino acid sequence of the polypeptide SEQ ID NO: 78, 
(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78 lacking its associated signal 
peptide, or (c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240; where the isolated 
polypeptide or a fragment thereof can be used to generate an antibody which can be used to 
specifically detect the polypeptide of SEQ ID NO: 78 in lung or stomach tissue samples. 

All claimed polypeptides share a very high degree of sequence identity and also 
antigenicity. As such, even though the claims encompass structural variation, all claimed 
polypeptides are highly related to one another in structure. Thus, the claims encompass 
numerous highly related polypeptides, but do not encompass broadly varying polypeptides, i.e., 
the claims are not unduly broad. 

The Examiner fails to indicate why a claim encompassing highly related polypeptides 
constitutes a "broad" claim. Further, the Examiner fails to consider Appellants narrower claims 
drawn to even more highly related groups of polypeptides. 

Thus, the scope of the claims weighs in favor of enablement, and even more so for 
Appellants' narrower claims. The Examiner provides no reasoning to conclude otherwise. 
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b. The nature of the invention 

The Examiner argues that the nature of the invention is a polypeptide without a 
"recognized/characterized physiological/biochemical property." 

The nature of the invention is a polypeptide. Polypeptides have been known in the art for 
many years, and methods for making, assaying and using polypeptides are well established. As 
discussed below, Appellants' specification provides the specific teachings relevant to the claimed 
polypeptides including, for example, use for diagnostic purposes. 

Thus, contrary to the Examiner's assertions, the nature of the invention weighs in favor of 
enablement as it is a predictable and well-established aspect of biology, and Appellants' 
specification provides specific teachings regarding the claimed polypeptides. 

c. The state of the prior art 

Regarding the state of the prior art, the Examiner states that the connection of SEQ ID 
NO:77 to tumors was not known, and that the relationship of PR01357 to a family of proteins 
was not known. 

Appellants acknowledge the Examiner's statements toward the novelty of the claimed 
polypeptides. 

Regarding the state of the prior art, however, Appellants submit that methods of making 
polypeptides such as the claimed polypeptides were well known in the art, methods of using 
polypeptides such as the claimed polypeptides to generate antibodies were well known in the art, 
and methods of detecting polypeptides such as the PR01357 polypeptide in tissue samples were 
well known in the art. As discussed above in relation to utility, the Appellants' specification has 
provided teachings regarding differential expression of mRNA encoding the PR01357 
polypeptide in tumors which, based on the state of the prior art, is sufficient to indicate that the 
PR01357 polypeptide is differentially expressed in tumors. Thus, the prior art's lack of specific 
teachings of PRO 13 57 is moot for purposes of enablement of the claimed polypeptides. 

Because methods of making and using polypeptides and methods of making and using 
antibodies that bind particular polypeptides were well known in the prior art, this factor weighs 
in favor of enablement. 
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d. Level of skill in the art 

The Examiner states that the skill in the art of differential nucleic acid screening has 
existed for over a decade, but depends on "relative or absolute levels of the difference(s), the 
ability to generalize to more than one cell culture or tumor type or, conversely, the ability to 
pinpoint a particular tumor type {e.g., adenocarcinoma versus squamal), and repeatability of the 
differential expression both in terms of frequency/prevalence and quantity/sensitivity." Office 
Action dated June 14, 2005, at page 4. No evidence is provided to support this characterization 
of the skill in the art. 

Appellants submit that the level of skill in the art of differential nucleic acid screening is 
not relevant to a determination of whether one skilled in the art would have been able to use the 
claimed polypeptides. The Examiner does not focus on whether one skilled in the art would 
have been able to use the claimed polypeptides, but instead whether Appellants' differential 
nucleotide expression data is credible, substantial and specific enough to establish that one of 
ordinary skill would have expected an assay using the claimed polypeptides to yield a useful 
experimental result. As discussed above, this ground for rejection is consistent with In re Brana 
and is based on lack of utility grounds. Furthermore, the Examiner acknowledges the utility of 
the differentially expressed nucleic acid encoding the PR01357 polypeptide. Thus, in view of 
the Examiner's finding of utility for the differentially expressed nucleic acid encoding the 
PR01357 polypeptide, this basis for rejecting the claims as lacking enablement is moot. 

Even if the Examiner's statements regarding differential nucleic acid screening were 
relevant, the Examiner makes assertions of fact not supported by any evidence. The unsupported 
assertion of fact regarding experimental specifics upon which differential nucleic acid screening 
depends represents a statement by official notice. See, e.g., In re Zurko, 258 F.3d 1379, 1385, 59 
U.S.P.Q.2d 1693, 1697 (Fed. Cir. 2001); and In re Ahlert, 424 F.2d 1088, 1091, 165 U.S.P.Q. 
418, 420 (CCPA 1970). Appellants submit that the experimental specifics for differential 
nucleic acid screening asserted by official notice are not well known or capable of instant and 
unquestionable demonstration as being well-known. Thus, in accordance with M.P.E.P. 
§ 2144.03C, the Examiner must provide documentary evidence demonstrating such asserted facts. 
In the absence of such evidence, this factual assertion cannot be established. 

The Examiner further states that "there is evidence in the prior art that even for those 
nucleic acids differentially expressed in tumors, a correlated expression for the encoded protein 
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is not a given." Office Action dated June 14, 2005, at page 4. Appellants presume the Examiner 
is referring to the reference by Haynes. Appellants again submit that this ground for rejection is 
based on utility, and thus, is consistent with In re Brana. Furthermore, Appellants have provided 
evidence and arguments in the utility discussion above demonstrating that one or ordinary skill in 
the art would have expected that a change in mRNA expression levels would typically lead to a 
corresponding change in the level of the encoded polypeptide. Thus, in view of Appellants' 
previously presented evidence and arguments, this basis for rejecting the claims as lacking 
enablement is moot. 

Appellants submit that the level of skill in the art for using polypeptides to generate 
antibodies has long been recognized as high. See, e.g., In re Wands, 858 F.2d 731, 8 U.S.P.Q. 2d 
1400 (Fed. Cir. 1988), (stating that there was a "high level of skill in the art" of making 
monoclonal antibodies). Similarly, Appellants submit that the level of skill was also high for 
methods for using antibodies to detect polypeptides, as taught in the specification, for example, 
at paragraph [0407] and references cited therein. Accordingly, Appellants submit that the level 
of skill in the art to use the claimed polypeptides is high. The Examiner provides no reason to 
conclude otherwise. 

Furthermore, Appellants submit that, contrary to the Examiner's assertions, one of 
ordinary skill in the art would have expected that an assay using the claimed polypeptides would 
yield a useful experimental result. Appellants have responded at length to the Examiner's 
arguments in the utility discussion above, and refer the Board to the discussion of the utility 
rejection supra. 

In view of the high the level of skill in the art for methods of making and using antibodies 
to detect polypeptides, and in view of the credible, substantial and specific teachings of 
differential PRO 13 57 polypeptide expression in lung and stomach tumor relative to normal lung 
and stomach, respectively, the level of skill in the art for using the claimed polypeptides to yield 
a useful experimental result was high. Accordingly, this factor weighs in favor of enablement. 

e. Level of predictabiliy in the art 
The Examiner does not assert that predictability in the art would suggest a lack of 
enablement of the claimed polypeptides. Appellants presume the Examiner to have intended to 
treat the level of skill in the art and predictability in the art together. Thus, Appellants submit 
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that, in view of the above discussion, one skilled in the art would have been able to predictably 
use the claimed polypeptides in diagnostic methods. As such, this factor weighs in favor of 
enablement. 

/ Guidance in the specification 

The Examiner states: 

There is very little guidance or direction about using the claimed polypeptide 
except that the encoded nucleic acid of SEQ ID NO:77 is underexpressed in 
stomach and lung tumors. As discussed in previous Office actions, the specific 
type of tumor is not disclosed, nor are levels of expression, relative amounts or 
how many different tumor cDNA libraries from each tumor tissue were screened, 
for example." Office Action dated June 14, 2005, at pages 4-5. 

Again, Appellants submit that the statements of the Examiner are directed to the 
disclosed differential expression of nucleic acid encoding the PR01357 polypeptide, and attempt 
establish a lack of enablement based on the grounds of a lack of utility. 

The specification provides ample guidance to one skilled in the art for the use of the 
claimed polypeptides. As discussed above in relation to the utility rejection, the specification 
teaches that the polypeptide of SEQ ID NO: 78 (referred to as "PR01357 polypeptide") is 
encoded by the polynucleotide of SEQ ID NO: 77 (also referred to as DNA64881-1602). 
Specification at [0103-0104]. In "Example 18: Tumor Versus Normal Differential Tissue 
Expression Distribution" Appellants disclose that the mRNA encoding PR01357 polypeptide is 
more highly expressed in normal stomach and lung tissue compared to stomach and lung tumor, 
respectively. Specification at [0529]-[0530] and accompanying tables. As explained in 
paragraph [0530], the differential expression of the PR01357 mRNA was detected using the 
well-established technique of quantitative PCR amplification of cDNA libraries isolated from 
different human normal and tumor tissue samples. To ensure that equivalent amounts of nucleic 
acid were used in each reaction, the cDNA for (3-actin was used as a control. 

The specification teaches that identification of the differential expression of a PRO 

polypeptide-encoding mRNA in one or more tumor tissues as compared to one or more normal 

tissues of the same tissue type "renders the molecule useful diagnostically for the determination 

of the presence or absence of tumor in a subject suspected of possessing a tumor." Specification 

at U [0530]. The Examiner has recognized that the teachings of differential expression of the 

PR01357 mRNA in the specification are sufficient to establish a utility for the nucleic acid 
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encoding PR01357 polypeptide: "It is noted that the asserted utility for the nucleic acid of SEQ 
ID NO:77 or the coding region thereof has been accepted upon further reconsideration." Office 
Action dated June 14, 2005, at page 3. 

Appellants have discussed above that it was well established in the art that changes in 
mRNA levels lead to changes in the level of the encoded protein, and the specification need not 
teach this relationship. Thus, Appellants submit that, based on the teachings of the specification 
and the knowledge in the art, one would have expected the PRO 1357 protein to be differentially 
expressed in stomach and lung tumors. 

The specification states that PRO polypeptides "may also be used diagnostically for 

tissue typing, wherein the PRO polypeptides of the present invention may be differentially 

expressed in one tissue as compared to another, preferably in a diseased tissue as compared to a 

normal tissue of the same tissue type." Specification at ^ [0336]. The specification also 

discloses that PRO polypeptides and polypeptides related thereto can be used to generate anti- 

PRO antibodies. Id at U [0364] and U [0367]. The specification teaches that such antibodies to 

PRO polypeptides can be as diagnostic tools: 

[A]nti-PRO antibodies may be used in diagnostic assays for PRO [polypeptide], 
e.g., detecting its expression (and in some cases, differential expression) in 
specific cells, tissues, or serum. Various diagnostic assay techniques known in 
the art may be used, such as competitive binding assays, direct or indirect 
sandwich assays and immunoprecipitation assays conducted in either 
heterogeneous or homogeneous phases. Specification at % [0407]. 

Taken together, the specification provides substantial guidance regarding the use of the 
claimed polypeptides as tools in diagnosing cancer, particularly stomach and lung cancer. 

The Examiner argues that the specification provides "very little guidance or direction" 
because various experimental specifics such as "specific type of tumor," "levels of expression, 
relative amounts or how many different tumor cDNA libraries from each tumor were screened" 
were not provided in the specification. No evidence is provided to indicate why such 
information must be disclosed. There is no requirement that a specification teach a level of 
experimental details that would obviate the need for any experimentation. Instead, 
"[enablement is not precluded by the necessity for some experimentation such as routine 
screening." In re Wands, 858 F.2d 731, 736-7, 8 U.S.P.Q. 2d 1400. The Examiner provides no 
evidence or reasoning for why absence of such experimental specifics would require more than 
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routine screening for one skilled in the art to use the claimed polypeptides. Accordingly, there is 
no factual basis for concluding that the specification provides "very little guidance or direction." 

Despite the lack of evidentiary support for the Examiner's position, Appellants submit 
that any additional experimental specifics represent routine experimental details that are readily 
determined by one skilled in the art in accordance with the knowledge in the art and the 
teachings of the specification. Appellants' specification identifies the PR01357 polypeptide, 
teaches methods for preparing antibodies to the PRO 1357 polypeptide, teaches methods for 
using such antibodies, and teaches particular organs to target in methods of using such antibodies. 
Specific experimental details for the use of the polypeptides and antibodies can be determined 
according to the methods that were well known in the art. 

Thus, contrary to the Examiner's assertions, the specification provides sufficient 
guidance on how to use the claimed polypeptides such that this factor weighs in favor of 
enablement. 

g. Working examples 

The Examiner does not assert that the application does not provide sufficient working 
examples. Appellants' working example demonstrates that the nucleic acid encoding the 
PR01357 polypeptide is differentially expressed in stomach and lung tumor tissue relative to 
normal stomach and lung tissue, respectively. 

In "Example 18: Tumor Versus Normal Differential Tissue Expression Distribution" 
Appellants disclose that the mRNA encoding PRO 13 57 polypeptide is more highly expressed in 
normal stomach and lung tissue compared to stomach and lung tumor, respectively. 
Specification at [0529]-[0530] and accompanying tables. As explained in paragraph [0530], 
the differential expression of the PR01357 mRNA was detected using the well-established 
technique of quantitative PCR amplification of cDNA libraries isolated from different human 
normal and tumor tissue samples. To ensure that equivalent amounts of nucleic acid were used 
in each reaction, the cDNA for 0-actin was used as a control. 

Appellants submit that, in view of differential expression disclosed in Example 18 and 
the knowledge in the art, one skilled in the art would also have expected that the PRO 13 57 
polypeptide was differentially expressed. As such, Appellants submit that the disclosure in 
Example 1 8 weighs in favor of enablement. 
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/i. The quantity of experimentation 

The Examiner makes no assertion regarding the quantity of experimentation required to 
use the claimed polypeptides. 

Appellants submit that the claimed polypeptides can be used as diagnostic tools for 
cancer in detecting the differential expression of the PR01357 polypeptide in stomach and lung 
tumors relative to normal stomach and lung tissue, respectively. Appellants submit that using the 
claimed polypeptides to form antibodies which specifically bind to PR01357 to detect its 
expression does not require a great deal of experimentation, as the techniques have long been 
recognized as well-established in the art. See In re Wands, 858 F.2d 731 (reversing the Board's 
decision of non-enablement and holding that as of 1980, undue experimentation was not required 
to make high-affinity monoclonal antibodies to a target peptide). Further, the specification 
teaches methods for using antibodies, and such methods were well known in the art. Finally, the 
specification teaches particular organs to target in methods of using such antibodies. 

Thus, one skilled in the art would have known how to make antibodies using the claimed 
polypeptides, and would have known particular organs to target in detecting PRO 1357. As such, 
experiments could have readily been designed to directly target PR01357, with no more than 
routine amounts of experimentation required. Because the quantity of experimentation is low, 
this factor weighs in favor of enablement. The Examiner provides no reason to conclude 
otherwise. 

L Wands Factors - Conclusion 

Appellants submit that in view of the well-defined scope of the claims, the nature of the 
claimed invention, the state of the prior art, the high level of skill in the art, the teachings of the 
specification, and the quantity of experimentation required to use the claimed subject matter, one 
skilled in the art could have used the claimed polypeptides without undue experimentation. 

In the Examiner's entire analysis of the Wands factors, the Examiner points only once to 
evidence. The Examiner states that there is evidence in the prior art that even for nucleic acids 
differentially expressed in tumors, a correlated expression for the encoded protein is not a given. 
Appellants presume the Examiner to be referring to the publication by Haynes, which is 
discussed in more detail above in regard to the utility rejection. Appellants have established that 
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the totality of the record demonstrates that one skilled in the art would be more likely than not to 
expect a change in the level of mRNA to generally lead to a corresponding change in the level of 
the encoded polypeptide. Thus, the totality of the record does not support the Examiner's 
characterization of the knowledge in the art. Accordingly, in view of the teachings in the 
specification and the knowledge in the art, as exemplified in evidence submitted by Appellants 
and the Examiner, one skilled in the art would have expected the PR01357 polypeptide to be 
differentially expressed. 

The Examiner argues that the specification is insufficient because various experimental 
specifics were not provided in the specification, and without disclosing such specifics, it would 
require undue experimentation to use the claimed polypeptides. The fact that experimentation 
may be complex does not necessarily make it undue, if the art typically engages in such 
experimentation. M.P.E.P. § 2164.01; In re Certain Limited-Charge Cell Culture Microcarriers, 
221 U.S.P.Q. 1165, 1174 (Int'l Trade Comm'n 1983), affd sub nom. } Massachusetts Institute of 
Technology v. A.B. Fortia, 774 F.2d 1104, 227 U.S.P.Q. 428 (Fed. Cir. 1985). See also In re 
Wands, 858 F.2d at 737, 8 U.S.P.Q.2d at 1404. The test of enablement is not whether any 
experimentation is necessary, but whether, if experimentation is necessary, it is undue. In re 
Angstadt, 537 F.2d 498, 504, 190 U.S.P.Q. 214, 219 (CCPA 1976). The test is not merely 
quantitative, since a considerable amount of experimentation is permissible, if it is merely 
routine, or if the specification in question provides a reasonable amount of guidance with respect 
to the direction in which the experimentation should proceed. In re Wands, 858 F.2d at 737, 
8 U.S.P.Q.2d at 1404, citing In re Jackson, 217 U.S.P.Q. 804, 807-808 (Bd. App. 1982). Based 
on the teachings of the specification and the level of skill in the art, it was routine to make and 
use polypeptides such as the claimed polypeptides, in, for example, generating antibodies with 
the desired binding properties. No undue experimentation was required for a Ph.D. scientist with 
several years of experience to use these routine methods, in view of the teachings in the 
specification, in order to determine details such as the binding properties of the generated 
antibodies, the ability of an antibody to bind to a sample, or specific details of sample binding. 
Accordingly, it would not have required undue experimentation for one skilled in the art to make 
and use the claimed polypeptides. The claimed invention is, therefore, fully enabled. Moreover, 
the Examiner provides no evidence to support an assertion that, absent various specific 
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experimental details, it would require undue experimentation to use the claimed polypeptides. 
Absent such evidence, there is no reasonable basis to question the sufficiency of the disclosure. 

In view of the above, Appellants submit that the Wands factors support a finding that the 
specification, in view of the knowledge in the art, fully enabled the use of the claimed 
polypeptides. The Examiner has provided no significant evidence or argument to the contrary. 

7. Grouping of Rejected Claim 

For purposes of the enablement rejection, Claims 6-8 and 11-13 can be considered as a 
group, Claims 14, 16 and 17 can be considered as a group, and Claims 15 can be considered 
separately. 

a. Claims 6-8 and 11-13 are enabled 

Claims 6-8 and 11-13 are enabled for the reasons discussed above. The scope of these 
claims is narrow, and because SEQ ID NO: 78 and ATCC deposit 203240 are explicitly 
disclosed in the specification, no experimentation of any kind is required to make the claimed 
polypeptides. One of skill in the art would clearly be able to use these polypeptides to make 
antibodies which are specific to either of these polypeptides, such that the level of expression of 
these polypeptides could be assessed in stomach or lung tissue. The only real issue asserted by 
the Examiner is whether use of these claimed polypeptides has a substantial and specific utility. 
For the reasons discussed at length above, Appellants believe that the differential expression of 
the PRO 1357 gene in stomach and lung tumors provides the claimed polypeptides with a 
substantial and specific utility. Thus, in view of the reasons discussed at length above, 
Appellants believe that Claims 6-8 and 1 1-13 are enabled. 

b. Claims 14, 16 and 17 are enabled 

Claims 14, 16 and 17 are enabled for the reasons discussed above. The scope of these 
claims is limited to polypeptides with high percentage identity to disclosed sequences. Because 
SEQ ID NO:78 is 484 amino acids long, a polypeptide which is at least 95% identical can only 
have approximately 24 deletions or substitutions. While some experimentation will be required 
to make these polypeptides that are not identical to SEQ ID NO:78, any such experimentation is 
routine in the art and will not be undue. One of skill in the art would clearly be able to use these 

-62- 



Appl. No. : 10/063,586 

Filed : May 3, 2002 



polypeptides to make antibodies which are specific to SEQ ID NO:78, such that the expression 
level of PR01357 can be assessed in stomach or lung tissue. The only real issue asserted by the 
Examiner is whether use of these claimed polypeptides has a substantial and specific utility. 
Appellants believe that, in view of the utility discussion above, the claimed polypeptides do have 
such a utility. Therefore, Appellants submit that Claims 14, 16 and 17 are enabled. 

c. Claim 15 is enabled 

Claim 15 is enabled for the reasons discussed above. The scope of this claim is narrower 
than that of Claim 14 since a polypeptide which is at least 99% identical can only have 
approximately 4 deletions or substitutions. As a result, less experimentation will be required to 
make these polypeptides than those of Claim 14, and any experimentation remains routine. One 
of skill in the art would clearly be able to use these polypeptides to make antibodies which are 
specific to SEQ ID NO:78, and for the reasons discussed above, Appellants believe that such use 
is substantial and specific. Therefore, Appellants submit that Claim 15 is enabled. 

8. Enablement - Conclusion 

The Examiner's enablement rejection is grounded on a "lack of utility" basis, and, thus, 
the present enablement rejection is only proper if the utility rejection is proper. Appellants have 
argued above that one skilled in the art would have believed that the claimed polypeptides have a 
substantial, specific and credible utility, and, thus, a utility rejection for the claimed polypeptides 
is not proper. Appellants therefore submit that because a utility rejection for the claimed 
polypeptides is not proper, the Examiner's enablement rejection of the claimed polypeptides also 
is not proper. 

Furthermore, for the reasons discussed above, all of the In re Wands factors weigh in 
favor of a finding of enablement. The Examiner has made no attempt to argue that one of skill in 
the art would be unable to make the claimed polypeptides. The Examiner's arguments are 
essentially the same as those made in support of the utility rejection which fail for the reasons 
articulated above. Furthermore, the Examiner submits no significant evidence to support a 
finding of undue experimentation. Therefore, the Examiner has failed to meet the initial burden 
of establishing a reasonable basis to question the enablement provided for the claimed invention. 
SeeM.P.E.P. § 2164.04. 
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And even if the Examiner has met her initial burden, Appellants have pointed to specific 
teachings in the specification and have presented the evidence discussed above with respect to 
utility, that one skilled in the art would be able to make and use the claimed invention using the 
application as a guide. Appellants remind the Board that "[t]he evidence provided by applicant 
need not be conclusive but merely convincing to one skilled in the art." M.P.E.P. § 2164.05 
(emphasis in original). 

Appellants submit that rejected Claims 6-8 and 11-13 should be considered as a group, 
Claims 14, 16 and 17 should be considered as a group, and Claim 15 should be considered 
separately. This is because the scope of the claimed subject matter in each of the groups differs, 
and therefore varying amounts of experimentation will be required to make and use each of the 
groups. However, Appellants submit that even for the group with the broadest coverage, Claims 
14, 16 and 17, any experimentation would be routine for those of skill in the art given the high 
level of sequence identity required for the claims. 

Considering all of the evidence provided by the Appellants to establish their asserted 
utility, along with the disclosure in the specification, the Board should find that Appellants have 
established that one of skill in the art would be able to make and use the claimed invention 
without undue experimentation, and the Examiner's rejection of the pending claims as lacking an 
enabling disclosure should be reversed. 

D. Written Description Rejection 

The third issue before the Board is whether the claimed subject matter is described in the 
specification in such a way as to reasonably convey to one skilled in the art that the inventors had 
possession of the claimed invention at the time the application was filed. The Examiner has 
rejected Claims 12-17 under 35 U.S.C. § 112, first paragraph, as lacking an adequate written 
description, stating that the "claim(s) contains subject matter which was not described in the 
specification in such a way as to reasonably convey . . . that the inventor(s) . . . had possession of 
the claimed invention." Office Action dated June 14, 2005, at pages 11-12. 

The Examiner has failed to meet her initial burden of rebutting the presumption that the 
written description is adequate because nowhere in any Office Action does the Examiner address 
independent Claims 6 or 14, and the Examiner's supporting arguments do not apply to Claims 6 
or 14, or any claim dependent therefrom. For the reasons detailed below, Appellants submit that 
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all claims are adequately described such that one of skill in the art would recognize that the 
inventors had possession of the claimed invention at the time the application was filed. 

1. Written Description - Legal Standard 

The well-established test for sufficiency of support under the written description 

requirement of 35 U.S.C. § 112, first paragraph is stated by the Court in Vas-Cath f Inc. v. 

Mahurkar, 935 F.2d 1555, 19 U.S.P.Q.2d 1 1 11 (Fed. Cir. 1991): 

"Although [the applicant] does not have to describe exactly the subject matter 
claimed, ... the description must clearly allow persons of ordinary skill in the art 
to recognize that [he or she] invented what is claimed." "The test for sufficiency 
of support in a parent application is whether the disclosure of the application 
relied upon 'reasonably conveys to the artisan that the inventor had possession at 
that time of the later claimed subject matter.'" Vas-Cath, Inc. v. Mahurkar, 935 
F.2d at 1562-63, 19 U.S.P.Q.2d at 1 1 16 (citations omitted) 

2. Written Description - Burden of Proof 

The M.P.E.P. states that "[a] description as filed is presumed to be adequate , unless or 
until sufficient evidence or reasoning to the contrary has been presented by the examiner to rebut 
the presumption. See, e.g., In re MarzocchU 439 F.2d 220, 224, 169 U.S.P.Q. 367, 370 (C.C.P.A. 
1971)." M.P.E.P. § 2163.04 (emphasis added). Therefore "[t]he examiner has the initial burden 
of presenting by a preponderance of evidence why a person skilled in the art would not recognize 
in an applicant's disclosure a description of the invention defined by the claims. Wertheim, 541 
F.2d at 263, 191 U.S.P.Q. at 97." Id. Only then does the Applicant need to respond to the 
Examiner's arguments. 

3. Written Description - Standard of Proof 

The adequacy of written description support is a factual issue and is to be determined on 
a case-by-case basis. See e.g., Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q. 2d at 
1116 (Fed. Cir. 1991) (emphasis added). The factual determination in a written description 
analysis depends on the nature of the invention and the amount of knowledge imparted to those 
skilled in the art by the disclosure. Union Oil v. Atlantic Richfield Co., 208 F.3d 989, 996 (Fed. 
Cir. 2000). As with the utility requirement, the evidentiary standard to be used throughout ex 
parte examination in setting forth a rejection is a preponderance of the evidence, or " more likely 
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than not " standard. In re Oetiker, 977 F.2d 1443, 1445, 24 U.S.P.Q.2d 1443, 1444 (Fed. Cir. 
1992). 

4. The Examiner's Arguments 

To overcome the presumption that the claimed subject matter is adequately described, the 
Examiner must present "evidence why a person skilled in the art would not recognize in an 
applicant's disclosure a description of the invention defined by the claims. Wertheim, 541 F.2d 
at 263, 191 U.S.P.Q.at97." M.PEP. § 2163.04. 

The Examiner states: 

The point is that not all polypeptides 95% or 99% identical to SEQ ID NO:78 are 
included. Only those that naturally occur in stomach or lung are included. 
Applicants have disclosed no concept of which protein(s) which is not identical to 
SEQ ID NO: 78 is present in stomach or lung. The specification does not convey 
to one of skill in the art, including recombinant DNA/protein technology art, that 
the inventors were in possession of these non-identical naturally occurring 
claimed proteins. The specification does not provide information so the skilled 
artisan could readily envision such proteins. For these reasons and those 
previously of record, the rejection is maintained. Office Action dated June 14, 
2005, at page 12 (emphasis in original). 

The Examiner is silent regarding claims that do not recite a range of sequence identity for 
the claimed polypeptides (Claim 6 and claims dependent therefrom). The Examiner also is silent 
regarding claims that do not recite expression properties of the claimed polypeptides (Claim 14 
and claims dependent therefrom). In fact, the Examiner is silent regarding any presently pending 
claim. Thus, the Examiner provides no evidence or arguments whatsoever for rejecting any of 
the pending claims. Accordingly, the Examiner has not met her burden of establishing a prima 
facie rejection for lacking written description as required by M.P.E.P. § 2163.04. 

5. Appellants 9 Response - Rejected Claims 12-1 7 are Adequately Described 

The adequacy of written description support is a factual issue and is to be determined on 
a case-by-case basis . See e.g., Vas-Cath, Inc. v. Mahurkar, 935 F.2d at 1563, 19 U.S.P.Q.2d at 
1116 (Fed. Cir. 1991) (emphasis added). The factual determination in a written description 
analysis depends on the nature of the invention and the amount of knowledge imparted to those 
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skilled in the art by the disclosure. Union Oil v. Atlantic Richfield Co., 208 F.3d 989, 996 (Fed. 
Cir. 2000). 

As discussed above, the Examiner has failed to specifically address any of the pending 
claims. However, even beyond addressing the pending claims as a group, the Examiner must 
address each of the pending claims on a case-by-case basis. This is because the genuses 
encompassed by the claims differ, and therefore whether or not the specification supports the 
claimed genus depends on the claim at issue. Appellants hereby request that the Board consider 
the following groupings of Claims 12-17 with respect to the written description requirement. 

a. Rejected Claims 12 and 13 are adequately described 

Claims 12 and 13 are adequately described by the specification. Claims 12 and 13 
depend from Claim 6. Claim 6 is directed to an isolated polypeptide comprising the amino acid 
sequence of the polypeptide of SEQ ID NO: 78, the amino acid sequence of the polypeptide of 
SEQ ID NO: 78 lacking its associated signal peptide, or the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203240. 

As stated above, the Examiner provides no basis for rejecting any of Claims 6, 12 or 13 
because the Examiner's rejection is premised on a lack of written description support for 
"polypeptides 95% or 99% identical to SEQ ID NO:78." Office Action dated June 14, 2005, at 
page 12. 

Regardless of any reasoning that might have been provided by the Examiner, each recited 
element of Claim 6 is explicitly disclosed in the specification, either in writing {see, e.g., 
Specification at Figure 78) or by virtue of a biological deposit. Accordingly, there can be no 
basis for holding that Claim 6 is not adequately described. Claims 12 and 13 are drawn to 
particular embodiments of Claim 6, are also fully described by the specification. 

b. Rejected Claim 14, 16 and 1 7 are adequately described 

Claims 14, 16 and 17 are adequately described by the specification. Claim 14 is directed 
to an isolated polypeptide having at least 95% amino acid sequence identity to the amino acid 
sequence of the polypeptide SEQ ID NO: 78, the amino acid sequence of the polypeptide of SEQ 
ID NO: 78 lacking its associated signal peptide, or the amino acid sequence of the polypeptide 
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encoded by the full-length coding sequence of the cDNA deposited under ATCC accession 
number 203240; where the isolated polypeptide or a fragment thereof can be used to generate an 
antibody which can be used to specifically detect the polypeptide of SEQ ID NO: 78 in lung or 
stomach tissue samples. Claims 16 and 17 ultimately depend from Claim 14. 

Appellants maintain that there is no substantial variation within the species which fall 
within the scope of the rejected claims, which require at least 95% amino acid sequence identity 
to SEQ ID NO: 78 and can be used to generate antibodies which specifically detect the 
polypeptide of SEQ ID NO: 78 in lung or stomach tissue samples. As such, Appellants were in 
possession of the common attributes or features of the claimed subject matter. 

The rejected claims are analogous to the claims discussed in Example 14 of the written 
description training materials available on the PTO's website. In Example 14, the written 
description requirement was found to be satisfied for claims directed to polypeptides with 95% 
homology to a disclosed sequence that also possess a recited catalytic activity, where procedures 
for making variant proteins were routine in the art and the specification provided an assay for 
detecting the recited catalytic activity of the protein. This disclosure satisfies the written 
description requirement even though the applicant had disclosed only a single species and had 
not made any variants . The Guidelines state that "[t]he single species disclosed is representative 
of the genus because all members have at least 95% structural identity with the reference 
compound and because of the presence of an assay which applicant provided for identifying all 
of the at least 95% identical variants of SEQ ID NO: 3 which are capable of the specified 
catalytic activity." 

Similarly, the pending claims also have very high sequence homology to the disclosed 
sequence and must share an epitope sufficient to generate antibodies which specifically detect 
the polypeptide of SEQ ID NO: 78 in lung or stomach tissue samples. As in Example 14, as of 
the effective filing date of the instant application, it was well known in the art how to make 
polypeptides with at least 95% amino acid sequence identity to the disclosed sequences. See, 
e.g., Specification at ffij [0256]-[0271]. In addition, the specification discloses in detail how to 
make antibodies which specifically detect a particular PRO polypeptide, and how to use them to 
detect the PRO polypeptide in a particular tissue. See, e.g., Specification [03 65] -[03 74] and 
[0407]. Like a particular catalytic activity, the function of being useful to produce an antibody 
specific to SEQ ID NO: 78 is directly related to the structure of the claimed polypeptides. Thus, 
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like Example 14, the genus of polypeptides that have at least 95% amino acid sequence identity 

to the disclosed sequences and possess the described functional activity are adequately described. 

Even if the Examiner had provided a basis for rejection of the pending claims, which she 

did not, the basic premise that a large genus cannot be adequately described by a single species is 

simply wrong. In a recent Federal Circuit decision, In re Wallach, 378 F.3d 1330, 1333-34 (Fed. 

Cir. 2004), the Court stated: 

[W]e agree with Appellants that the state of the art has developed such that the 
complete amino acid sequence of a protein may put one in possession of the genus 
of DNA sequences encoding it , and that one of ordinary skill in the art at the time 
the 4 129 application was filed may have therefore been in possession of the entire 
genus of DNA sequences that can encode the disclosed partial protein sequence, 
even if individual species within that genus might not have been described or 
rendered obvious. ... A claim to the genus of DNA molecules complementary to 
the RNA having the sequences encompassed by that formula, even if defined only 
in terms of the protein sequence that the DNA molecules encode, while 
containing a large number of species, is definite in scope and provides the public 
notice required of patent applicants . 



Moreover, we see no reason to require a patent applicant to list every possible 
permutation of the nucleic acid sequences that can encode a particular protein for 
which the amino acid sequence is disclosed, given the fact that it is, as explained 
above, a routine matter to convert back and forth between an amino acid sequence 
and the sequences of the nucleic acid molecules that can encode it. Id. (emphasis 
added). 

The Court did not require the applicants in Wallach to actually make or individually 
describe all of the vast number of sequences which encode the disclosed sequence. This is in 
spite of the fact that only a single sequence was disclosed, and the encompassed genus was 
enormous due to codon degeneracy in the genetic code. The Court reasoned that because it is 
routine to convert between amino acid sequences to nucleic acid sequences, disclosure of a 
single amino acid sequence was sufficient to place the applicants in possession of the enormous 
genus of nucleic acids which could encode the sequence. 

The facts in Wallach are very similar to the instant case. Here, Appellants have disclosed 
SEQ ID NO: 78, and claim polypeptides which are at least 95% identical to it and have the 
functional limitation of the ability to generate antibodies which can be used to specifically detect 
SEQ ID NO: 78 in lung or stomach tissue samples. As discussed above, it is routine in the art to 
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create polypeptides which have at least 95% to 99% sequence identity to SEQ ID NO: 78 - it is 
just as predictable and easy as creating all of the nucleic acids which encode a particular amino 
acid sequence. Similarly, it is well within the knowledge of those skilled in the art how to 
determine which polypeptides can be used to make the recited antibodies. The predictability of 
this structure/function combination is sufficient to place the claimed subject matter in the 
possession of the Appellants, and thus the claimed polypeptides are adequately described. The 
Wallach opinion makes clear that there is no need to literally describe more than a single species 
to adequately describe a large genus where one of skill in the art recognizes that the disclosed 
species puts the applicant in possession of the claimed genus. 

Furthermore, while Appellants appreciate that actions taken by the PTO in other 
applications are not binding with respect to the examination of the present application, 
Appellants note that the PTO has issued many patents containing claims to variant nucleic acids 
or variant proteins where the applicants did not actually make such nucleic acids or proteins. 
Representative patents include U.S. Patent No: 6,737,522, U.S. Patent No. 6,395,306, U.S. 
Patent No. 6,025,156, U.S. Patent No. 6,645,499, U.S. Patent No. 6,498,235, and U.S. Patent No. 
6,730,502. 

Claims 16 and 17, drawn to particular embodiments of Claim 14, are also fully described 
by the specification. The Examiner does not contest the written description support for any 
embodiment recited in these dependent claims. 

c. Rejected Claim 15 is adequately described 

For the reasons discussed above, Appellants believe that Claim 14 is adequately 
described. However, because the genus of polypeptides encompassed by Claim 15, having at 
least 99% identity to the recited polypeptides, is smaller than that of Claim 14, the disclosure in 
the specification even more adequately supports this claim. 

6. Written Description - Conclusion 

In conclusion, the Board should reverse the Examiner's written description rejection of 
Claims 12-17 because the Examiner has failed to rebut the presumption that the claims are 
adequately described, as she has failed to even address the claims at issue. And even if the 
Examiner's arguments were to be extended to the claims at issue, Appellants submit that they 
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have satisfied the written description requirement for Claims 12-17 based on the disclosure of 
SEQ ID NO: 78 and its signal peptide, by biological deposit, by specifying in the claims a high 
level of amino acid sequence identity, and by describing how to make and use antibodies to the 
disclosed sequence. These facts are directly analogous to those of Example 14 of the Written 
Description Guidelines published by the PTO. Appellants submit that the instant disclosure 
allows one of skill in the art to recognize that the applicant was in possession of the necessary 
common attributes or features of the elements possessed by the members of the genus. Hence, 
Appellants respectfully request that the Board reverse the Examiner's written description 
rejection of Claims 12-17 under 35 U.S.C. § 1 12, first paragraph. 

E. Anticipation Rejection 

The fourth issue before the Board is whether the claimed subject matter is anticipated 
under 35 U.S.C. § 102(b) over WO 01/16318 (published March 8, 2001) or WO 00/12708 
(published March 9, 2000), 

The Examiner asserts that "[bjecause the claims do not meet the requirements of 35 
U.S.C. § 112, first paragraph, ... and the earlier applications] likewise do not meet those 
requirements, the instant application does not receive the benefit of priority to earlier filed 
applications." Office Action dated June 14, 2005, at page 12. 

Appellants have previously listed the priority information for the instant application in a 
Preliminary Amendment mailed September 3, 2002. The preliminary amendment states that the 
instant "application is a continuation of, and claims priority under 35 U.S.C. § 120 to, US 
Application 10/006867 filed 12/6/2001, which is a continuation of, and claims priority under 35 
U.S.C. § 120 to, PCT Application PCT/US00/23328 filed 8/24/2000, which is a continuation-in- 
part of, and claims priority under 35 U.S.C. § 120 to, US Application 09/403297 filed 
10/18/1999, now abandoned, which is the National Stage filed under 35 U.S.C. § 371 of PCT 
Application PCT/US99/201 1 1 filed 9/1/1999, which claims priority under 35 U.S.C. § 119 to 
U.S. Provisional Application 60/099741 filed 9/10/1998." 

The sequences of SEQ ID NOs: 77 and 78 were first disclosed in U.S. Provisional 
Application 60/099,741 filed 9/10/1998 in Figures 1 and 2. The data in Example 18 (Tumor 
Versus Normal Differential Tissue Expression Distribution), relied on in part for the utility of the 
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claimed polypeptides, were first disclosed in PCT Application PCT/USOO/23328 filed 8/24/2000, 
on page 93, line 3, through page 96, line 35. 

Appellants submit that, in view of the arguments above, the claimed polypeptides have 
utility and are fully supported by the specification in accordance with 35 U.S.C. § 112, first 
paragraph. Moreover, Appellants submit that the previously filed applications, to which 
Appellants have properly claimed priority, also support the claimed polypeptides. Even if it 
were to be determined that Appellants are not entitled to their earliest priority date, the subject 
matter of the present application was disclosed in, and therefore is entitled to the priority date of. 
PCT Application PCT/USOO/23328 filed August 24, 2000. Accordingly Appellants are entitled 
to a priority date no later than August 24, 2000. 

WO 01/16318 was published March 8, 2001. Thus, WO 01/16318 was not published 
more than one year prior to Appellants' priority date, as required under 35 U.S.C. § 102(b). 
Accordingly, WO 01/16318 cannot be prior art under 35 U.S.C. § 102(b). 

Similarly, WO 00/12708 was published March 9, 2000. Thus, WO 00/12708 was not 
published more than one year prior to Appellants' priority date, as required under 35 U.S.C. 
§ 102(b). Accordingly, WO 00/12708 cannot be prior art under 35 U.S.C. § 102(b). 

1. Rejected Claims 6-8 and 11-13 are not anticipated by the cited references 

As discussed above, Claims 6-8 and 1 1-13 are fully supported by the specification under 
35 U.S.C. §§101 and 112. Furthermore, in view of the priority documents, Claims 6-8 and 11-13 
are entitled to a priority date of at least August 24, 2000. As such, WO 01/16318 and WO 
00/12708 cannot support a rejection under 35 U.S.C. § 102(b) of Claims 6-8 and 1 1-13. 

2. Rejected Claims 14, 16 and 17 are not anticipated by the cited references 

As discussed above, Claims 14, 16 and 17 are fully supported by the specification under 
35 U.S.C. §§101 and 112. Furthermore, in view of the priority documents, Claims 14, 16 and 17 
are entitled to a priority date of at least August 24, 2000. As such, WO 01/16318 and WO 
00/12708 cannot support a rejection under 35 U.S.C. § 102(b) of Claims 14, 16 and 17. 

3. Rejected Claim 15 is not anticipated by the cited references 

As discussed above, Claim 15 is fully supported by the specification under 35 U.S.C. 
§§101 and 1 12. Furthermore, in view of the priority documents, Claim 15 is entitled to a priority 
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date of at least August 24, 2000. As such, WO 01/16318 and WO 00/12708 cannot support a 
rejection under 35 U.S.C. § 102(b) of Claim 15. 



In conclusion, Appellants submit that the present disclosure fully supports the claims 
under 35 U.S.C. §§ 101 and 112, first paragraph. Further, Appellants disclosure is entitled to a 
priority date of no later than August 24, 2000. Accordingly, the cited references, which were not 
published more than a year prior to August 24, 2000, are not properly prior art under 35 U.S.C. 
§ 102(b). Hence, Appellants respectfully request that the Board reverse the Examiner's 
anticipation rejection of Claims 6-8 and 11-17 under 35 U.S.C. § 102(b). 

F. Conclusion 

In view of the arguments presented above, Appellants submit that the specification as 
filed provides a specific, substantial and credible utility for the claimed polypeptides and request 
withdrawal of the rejection under 35 U.S.C. § 101, and the related rejection under 35 U.S.C. 
§112. Appellants further submit that the claimed polypeptides are fully enabled and described 
by the specification, and request withdrawal of the remaining rejections under 35 U.S.C. § 1 12. 
Finally, Appellants submit that the claimed polypeptides are not anticipated by the cited 
references and accordingly request withdrawal of the rejection under 35 U.S.C. § 102(b). 

Please charge any additional fees, including any fees for additional extension of time, or 
credit overpayment to Deposit Account No. 11-1410. 



4. 



Conclusion - Anticipation 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Attorney of Record 
Customer No. 30,313 
(619) 235-8550 
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VHL APPENDIX A - CLAIMS ON APPEAL 

1-5. (Canceled). 

6. An isolated polypeptide comprising: 

(a) the amino acid sequence of the polypeptide of SEQ ID NO: 78; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78, lacking its associated 
signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240. 

7. The isolated polypeptide of Claim 6 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO: 78. 

8. The isolated polypeptide of Claim 6 comprising the amino acid sequence of the 
polypeptide of SEQ ID NO: 78, lacking its associated signal peptide. 

9-10. (Canceled) 

1 1 . The isolated polypeptide of Claim 6 comprising the amino acid sequence of the 
polypeptide encoded by the full-length coding sequence of the cDNA deposited under ATCC 
accession number 203240. 

12. A chimeric polypeptide comprising a polypeptide according to Claim 6 fused to a 
heterologous polypeptide. 

13. The chimeric polypeptide of Claim 12, wherein said heterologous polypeptide is a 
tag polypeptide or an Fc region of an immunoglobulin. 

14. An isolated polypeptide having at least 95% amino acid sequence identity to: 

(a) the amino acid sequence of the polypeptide SEQ ID NO: 78; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78, lacking its associated 
signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240; 

wherein said isolated polypeptide or a fragment thereof can be used to generate an 
antibody which can be used to specifically detect the polypeptide of SEQ ID NO: 78 in lung or 
stomach tissue samples. 

15. The isolated polypeptide of Claim 14 having at least 99% amino acid sequence 
identity to: 
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(a) the amino acid sequence of the polypeptide SEQ ID NO: 78; 

(b) the amino acid sequence of the polypeptide of SEQ ID NO: 78, lacking its associated 
signal peptide; or 

(c) the amino acid sequence of the polypeptide encoded by the full-length coding 
sequence of the cDNA deposited under ATCC accession number 203240; 

wherein said isolated polypeptide or a fragment thereof can be used to generate an 
antibody which can be used to specifically detect the polypeptide of SEQ ID NO: 78 in lung or 
stomach tissue samples. 

16. A chimeric polypeptide comprising a polypeptide according to Claim 14 fused to 
a heterologous polypeptide. 

17. The chimeric polypeptide of Claim 16, wherein said heterologous polypeptide is a 
tag polypeptide or an Fc region of an immunoglobulin. 
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IX. APPENDIX B - EVIDENCE 

Attached hereto is a copy of the evidence cited in Appellants' Brief. The list of evidence 
below is accompanied by a statement setting forth where in the record that evidence was entered 
into the record by the Examiner. 



Tab 


Reference 


Submitted 


Entered 


1 


First Declaration of J. 


Submitted as Exhibit 1 with 


Not indicated as entered by the 




Christopher Grimaldi 


Appellants' Amendment and 
Response to Office Action 
mailed September 22, 2004 


Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 


2 


Second Declaration by 


Submitted as Exhibit 2 with 


Not indicated as entered by the 




J. Christopher Grimaldi 


Appellants' Amendment and 
Response to Office Action 
mailed September 22, 2004 


Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 


3 


Declaration of Paul 


Submitted as Exhibit 3 with 


Not indicated as entered by the 




Polakis, Ph.D. 


Appellants' Amendment and 
Response to Office Action 
mailed September 22, 2004 


Examiner, but properly should 
have been entered as a matter 
of right in accordance with 37 
C.F.R. § 1.111 


4 


Hu et al (J. Proteome 
Res., (2003) 2(4):405- 
12) 




Cited by Examiner in the final 
Office Action mailed 
December 13,2004 


5 


Konopka et al (Proc. 
Natl. Acad. Sci. USA, 
(1986) 83:4049-4052) 
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Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

I, J . Christopher Grimaldi, declare and state as follows: 

1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

^2. My scientific Curriculum Vitae, including my list of publications, is attached .to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory m the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
tor membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 1 8 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues as compared to tumor in the same tissue type, 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
gene expression is likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PCR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tumor tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if further 
information is desired. 
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8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information ot belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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The t(5;14) Chromosomal Translocation in a Case of Acute Lymphocytic 
leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
nrparkers of the genetic abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
ore can identify activated proto-oncogenes. We have stud- 
ie»d a case of B-!ineage acute lymphocytic leukemia (ALL) 
tt-wt was associated with peripheral blood eosinophil. The 
chromosomal translocation t(6;14) (q31;q32) from this 
sample was cloned and studied at the molecular level. This 

KARYOTYPIC STUDIES of leukemia and lymphoma 
have identified frequent nonrandom chromosomal 
translocations. Some of these translocations juxtapose the 
immunoglobulin heavy chain (IgH) gene with important 
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Fig 1. DNA blots of the leukemia sample. The restriction 
fragment pattern of normal human DNA IN) and the leukemia 
sample (L) were compared using a human Jh probe. Rearranged 
bands are indicated by arrows. Sample L exhibits a single rear- 
ranged band with both Hind III/ EcoR\ and Sau3A restriction 
digests. The rearranged bands are less Intense than the other 
bands because the majority of ceils in the sample represent normal 
bone marrow elements. 



translocation joined the immunoglobulin heavy chain Join- 
ing ( Jh) region to the promotor region of the interleukin-3 
(IL-3) gene in opposite transcriptional orientations. The 
data suggest that activation of the IL-3 gene by the 
enhancer of the immunoglobulin heavy chain gene may play 
a central role in the pathogenesis of this leukemia and the 
associated eosinophilia. 
ift 1989 by Grune & Stratton, Inc. 

protooncogenes, such as t>myc and 6c/-2. w In this way, the 
IgH gene can activate proto-oncogenes, resulting in disor- 
dered gene expression and a step in the development of 
cancer. The investigation of additional nonrandom transloca- 
tions into the IgH locus allows us to identify new genes 
promoting the generation of leukemia and lymphoma. 

A distinct subtype of acute lymphocytic leukemia (ALL) 
has been characterized by B-Uneage phenotype, associated 
eosinophilia in the peripheral blood, and a t(5;14)(q31;q32) 
chromosomal translocation. 3,4 This syndrome probably 
occurs in <1% of all patients with ALL. We hypothesized 
that the cloning of the translocation characteristic of this 
leukemia might allow the identification of an important gene 
on chromosome 5 that plays a role in the evolution of this 
disease. In this report we demonstrate that the interleukin-3 
gene (IL-3) and the IgH gene are joined by this transloca- 
tion. 

MATERIALS AND METHODS 

Sample and DNA blots. A bone marrow aspirate from a repre- 
sentative patient with ALL (LI morphology by French-American- 
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per 
microliter with a normal value of <350 per microliter) and a 
t(5;l4)(q3l;q32) translocation was studied. Using published meth- 
ods, genomic DNA was isolated and DNA blots were made. 3 Briefly, 
10 jig of high molecular weight (mol wt) DNA were digested using 
an appropriate restriction enzyme and electrophoresed on a 0.8% 
"agftfose "gel. The gel was stained with ethidium bromide, photo- 
graphed, denatured, neutralized, and transferred to Hybond (Amer- 
sham, Arlington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium cilrale (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.* 

Genomic library. The genomic library was made using pub- 
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lishcd methods. 3 Approximately 100 M g of high mol wt genomic 
DNA were partially digested with the Saul A restriction enzyme. 
Fragments from 9 to 23 kilobases (kb) in size were isolated on a 
sucrose gradient and ligated into phage EMBL3A (Strategene, San 
Diego). Recombinant phage were packaged, plated, and screened as 
previously reported. 5 

DNA sequencing. Fragments for sequencing were cloned into 
Ml 3 vectors and sequenced by the chain termination method using 
Sequenase (United States' Biochemical, Cleveland). 7 All sequence 
data were derived from both strands. 

RESULTS 

We studied a bone marrow sample from a patient with 
ALL and associated peripheral eosinophilia. Karyotypic 
analysis showed the characteristic t(5;I4)(q3l;q32) translo- 
cation. These features define a distinctive subtype of ALL. 5,4 
The leukemic cells were analyzed for cell surface phenotype 
by immunofluorecence. They were positive for Bl (CD20), 
B4 (CD19), cALLA (CD10), HLA-DR, and terminal 
deoxynucleotidyl transferase (Tdt), but negative for surface 
immunoglobulin. This phenotypic profile describes an imma- 
ture cell from the B-lymphocytic lineage.* 

The leukemia DNA was analyzed by Southern blotting for 
rearrangements of the IgH gene. Using a human immune- 
globulin Jh probe, a single rearranged band was detected by 
EcoRl, Hindlll, Sstl, Sau3A, and EcoRl plus Hindlll 
restriction digests, suggesting rearrangement of one allele 
(Fig 1). The immunoglobulin Jh region from the other allele 
was presumably either deleted or in the germline configura- 
tion. 

We hypothesized that the t(5;!4)(q31;q32) juxtaposed a 
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growth-promoting gene on chromosome 5 with the immuno- 
globulin Jh region on chromosome 14. Therefore, a genomic 
library was made from the leukemic sample and screened 
with a Jh probe. Fifteen distinct positive clones were isolated 
and screened for the presence of the rearranged Sau3A 
fragment that was detected by DNA blotting. By this 
analysis, five clones appeared to represent the rearranged 
allele identified by DNA blots. One of these clones (clone no. 
4) was chosen for further study and a detailed restriction 
map was generated. The EcoRl, Hindlll/ EcoRl, and Sstl 
fragments from clone no. 4 that hybridized to the human Jh 
probe were also identical in size to the rearranged fragments 
from the leukemia sample,, confirming that clone no. 4 
represented the rearranged leukemic allele. 

Phage clone no. 4 contained 3.7 kb of unknown origin 
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH 
gene from Jh4 to the Cmu region appeared to be in germline 
configuration. Previously, the gene encoding hematopoietic*' 
growth factor 1L-3 had been mapped to chromosome 5q3 1 so 
it was suspected that clone no. 4 might contain part of this 
gene.* 12 When the restriction map of human IL-3 and clone 
no. 4 were compared, they were identical for more than 3 kb 
(Fig2). 

We confirmed the juxtaposition of the IL-3 gene and the 
IgH gene by nucleic acid sequencing of the subcloned 
BstEli/Hpal fragment (Fig 2). The sequence of this frag- 
ment showed no disruption of the protein coding region or the 
messenger RN A of the IL-3 gene. The break in the IL-3 gene 
occurred in the promotor region, 452 base pairs (bp) 
upstream of the transcriptional start site (position 64, Fig 
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DISCUSSION 



3 iV> ^ break in the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

the? region- Between the two breaks, 25 bp of uncertain tional orientation. 16 Using this information and assuming a 

or igin (putative N sequence) were inserted. 1 * 14 No sequences simple translocation event in our sample, we can conclude 

homologous to the immunoglobulin heptamer and nonamer that the IL-3 gene is normally more centromeric, and the 

cou-14 be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4). 

nucAeic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5' ends toward 

IL-3 gene and the IgH gene. The sequence data clearly the centromere, 
shoved that the genes were positioned in opposite transcrip- 
tion* orientations (head-to-head). 

^Available data also allowed us to determine the normal In this report we have cloned a unique chromosomal 

positions of the IL-3 gene and the GM-CSF gene in relation translocation that appears to be a consistent feature of a rare, 

to -the centromere of chromosome 5 (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca- 
known to be positioned with the variable regions toward the tion joined the promotor of the IL-3 gene to the IgH gene, 
telomere on chromosome 14q. 2J5 It has also been shown that Except for the altered promotor, the IL-3 gene appeared 

• + 

•it. 5 1 GGTGACCAG6GTTCCCTGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGT 8 0 

f\ 3 1 CCACTGGTCCCAAGGGACCGGGGTCATCAGTTTC^ 

5 'TACCAGACAAACTCTCATCTGTTCCAGTGGCCTCCTGGCCACCCACCAGGACCAAGCAGGGC 160 
3 ' ATGGTCTGTTTGAGAGTAGACAAGGTCACCGGAGGACCGCTGGGTGGTCCTGGTTCGTCCCGCCCGTCGTCTCCCGGTCC 

********* # « » 

5 ■GTAGTCCAGCTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTC 240 
3 • CATCAGGTCCACTACCGTCTACTCTAGGGTGATC^ 

5 • GGGGTCCTCTCACCTGCTGCCATGCTTCCCATC^ 320 
3 1 CCCCAGGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACTTCACTATGGCAAATTCATTAGAAA 

********* # 

5 i TTTCTTGTTTCACTGATCTTCAGTACTAGAAAGTCATC 4 0 B 

3 ■ AAAGAAC AAAGTGACTAGAACTCATGATCTTTCAGTACCTACT'rATTAATGC AGACACCAAAAGATACCTCCAAGGTACA 

5 ■ CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGGTTGTGGGCACCTTGCTGCTG 4 g0 
3 •GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC 

• • * 

5 • CAC ATATA AGGCGGGAGGTTGTTGCCAACTCTTCAGAGCCCCACGAAGGACCAGAACAAGACAGAGTGCCTCCTGCCGAT SQ u 

3 1 GTGTATATTCCGCCCTCCAACAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTGTTCTGTCTCACGGAGGACGGCTA 

5 1 CCAAACATGAGCCGCCTGCCCGTCCT^ 6 <. 1 

3 ' GGTTTGTACTCGGCGGACGGGCAGGACGAGGACGAGGTTGAGGACCAGGCGGGGCCTGAGGTTCGAGGGTACTGGG'TCTG 

5 1 AACGTCCTTGAAGACAAGCTGGGTTAAC 3' g68 
3 1 TTGCAGGAACTTCTGTTCGACCCAATTG 5» 

B5 • TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTMGGGGTGCAC 
IgJh4 3 i ^cCGGGGTCATCAGTTTCATC AGJ^GTAi^ACCCTCCGCGGTAATTCCCCACGTGTTTTTGGACTGAGAG 

++++++++++++++++++++++ 
5 ' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTC^ 
CI. #4 3 f a^GGTCATCAGCT^ 

++++++++++++++++++++++ 

5 * GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA 

Fig 3. Sequence of tl6;14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the BsfEII/Hpel fragment Indicated on Fig 2. 
Nucleotides 1 to 36 represent the Jt« coding region underlined on the coding strand •Nucleotides 39 to 63 are , 1 putative N region. The 
sequence from position 64 to 668 Is that off the germline IL-3 gene » The IL-3 TATA box <^ 5 >< * rans <^ 
methionine (667) are underlined. Two proposed regulatory sequences In the promotor are marked b Y^f sk *^ 
Comparative sequence of the t(5;14)(q31;q32) breakpoint region. The lgJh4 region is shown with its coding region, heptamer, and 
nonamer underlined. Clone no, 4 is shown with putative N region sequences underlined. The IL-3 sequence is also shown. A plus sign {+) 
denotes the identical nucleotide between sequences. No heptamer or nonamer is identified in the IL-3 sequence. 
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FI9 4. Diagram of the translocation. The normal chromosome 
5q31 is shown with the GM-CSF gene telomerlc to the IL-3 gene In 
the transcriptional orientation shown. On normal chromosome 
14q32 the Vh regions are telomeric. The t|5;14Kq31;q32) translo- 
cation results in the head-to-head orientation of these genes. 
Symbols are defined in Rg 2. BP, breakpoint position. 



intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
truncated at the Jh4 region, which places the immunoglobu- 
lin enhancer within 2.5 kb of the IL-3 gene. l7J * This leads to 
the hypothesis that the enhancer is increasing transcription 
of a structurally normal IL-3 gene. The same mechanism is 
important for activation of the o-myc gene in some cases of 
Burkitfs lymphoma. 19 An alternate hypothesis is that the 
elimination of an upstream IL-3 promoter element is crucial 
to the activation of the IL-3 gene. 

The proposed activation of the IL-3 gene suggests that an 
autocrine loop is important for the pathogenesis of this 
leukemia. Over-expression of the IL-3 gene coupled with 
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the presence of the IL-3 receptor in these cells could account 
for a strong stimulus for proliferation. In this regard, there 
are data indicating that immature B-lineagc lymphocytes 
and B-lineage leukemias may express the IL-3 receptor, 21 - 22 

An additional feature of this type of leukemia is the 
dramatic eosinophilic consisting of mature forms. It has 
been hypothesized that the eosinophils do not arise from the 
malignant clone, but are stimulated by the tumor. 23,24 
Because of the known effect of IL-3 on eosinophil differentia- 
tion, secretion of high levels of IL-3 by leukemic cells might 
have a role in the eosinophilia in this type of leukemia. 12 

The data suggest that the recombination mechanism that 
is active in the IgH gene during normal differentiation has a 
role in this translocation. 13 - 14 This is supported by the break- 
point location at the 5' end of Jh4 and the presence of 
putative N-region sequences. On the other hand, no recombi- 
nation signal sequence (heptamer and nonamer) was found 
in this region on chromosome 5, suggesting that additional 
factors also played a role. Further studies will elucidate the 
mechanism of this and other translocations.. 

In the leukemia we studied, it is possible that the immuno- 
globulin enhancer also activates the GM-CSF gene, since 
this gene is probably positioned only 14 kb away (Fig 4). This 
is known to be within the range of enhancer activation. 25 The 
interleukin-5 (IL-5) gene maps to chromosome 5q3\** 
Deregulation of the IL-5 gene by this translocation would act 
synergistically with IL-3 in the stimulation of eosinophil 
proliferation and differentiation. 27 These and other questions 
will be answered by the study of more patient samples: We 
plan to determine whether the t(5;14)(q3I;q32) transloca- 
tion is capable of activating multiple lymphokines simulta- 
neously and whether they cooperate in the generation of this 
leukemia, 
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RAPID COMMUNICATION 

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute 
Lymphocytic Leukemia With Eosinophilia 

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams 



The t(5;14)(q31;q32) translocation from B~lineage acute 
lymphocytic leukemia with eosinophilia has been cloned 
from two leukemia samples, in both, cases, this transloca- 
tion Joined the IgH gene and the interleukin-3 (IL-3) gene. In 
one patient, excess iL-3 mRNA was produced by the 
loukemic cells. In the second patient, serum IL-3 levels 
were measured and shown to correlate with disease 

A NUMBER OF chromosome translocations have been 
associated with human leukemia and lymphoma. In 
many cases the study of these translocations has led to the 
discovery or characterization of proto-oncogenes, such as 
bcl-2, Crabl, and ow;c, that are .located adjacent to the 
translocation. 1 - 2 It is now widely understood that cancer- 
associated translocations disrupt nearby proto-oncogenes. 

A distinct subtype of acute leukemia is characterized by 
the triad of B-lineage irnmunophenotype, eosinophilia, and 
the t(5;l4)(q3J;q32) translocation. 3 * 4 Leukemic cells from 
such patients have been positive for terminal deoxynucleotidyl 
transferase (Tdt), common acute lymphoblastic leukemia 
antigen (CALLA), and CD19, but negative for surface or 
cytoplasmic immunoglobulin. In previous work, we cloned 
the t(5;14) breakpoint from one leukemic sample (Case 1) 
and determined tfiat the IgH and interleukin-3 (11^3) genes 
were joined by this abnormality. 5 In this report, we extend 
those findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a similar 
structure, and we report our study of growth factor expres- 
sion in these patients. 

MATERIALS AND METHODS 
Samples and Southern blots. Case 1 has been described. 5,6 
Clinical features of Case 2 have been described in detail. 3 DNA 
isolation and Southern blotting was done using previously described 
methods. 5 Filters were hybridized with an immunoglobulin Jh probe, 
a 280 bp Bamm/EcoM genomic IL-3 fragment, and an IL-3 
cDNA probe. 7 * 

Northern blots. RNA isolation and Northern blotting have been 
described.* Briefly, Northern blots were done by separating 9n$ 
total RNA on 1% agarose-formaldehyde gels. Equal RNA loading in 
each lane was confirmed by ethidiura bromide staining. Blots were 
hybridized with an IL-3 cDNA probe extending to the -Mo I site in 
exon 5, a 720 bp Sst 1/Kpn I probe derived from intron 2 of the IL-3 
gene, a 600 bp Nhe l/Hpa I IL-5 cDNA probe, and a 500 bp Pst 
l/Nco I granulocyte-macrophage colony stimulating factor (GM- 
CSF) cDNA probe. 10 * 12 

Polymerase chain reaction. Primers were designed with BamRl 
sites for cloning. One primer hybridized to the Jh sequences from the 
IgH gene (Primer 1 44;5'-TAGGATCCG ACGGTGACCAGGGT), 
and the other hybridized to the region of the TATA box in the IL-3 
gene (Primer 161: 5-AACAGGATCCCGCCTTATATGTGCAG). 
Polymerase chain reaction (PCR) (95°C for 1 minute, 61°C for 30 
seconds, and 72°C for 3 minutes) was done using 500 ng genomic 
DNA and 50 pmol of each primer in 100 mL containing 67 mmol/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCi 2t 10% dimethyl sulfoxide 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fracUon V), 
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activity. There was no evidence of excess granulocyte/ 
macrophage colony stimulating factor (GM-CSF) or IL-6 
expression. Our data support the formulation that this 
subtype of leukemia may arise in part because of a 
chromosome translocation that activates the IL-3 gene, 
resulting in autocrine and paracrine growth effects. 
© 1 990 by The American Society of Hematology, 

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq 
polymerase (Perkui-Elmer, Norwalk, CT) 

Sequencing. Sequencing was done by chain termination in M 1 3 
vectors. 14 As part of this study, we sequenced a subclone of a normal 
IL-3 promotor, covering 598 base pairs from a Sma I site at position 
- 1240 (with respect to the proposed site^of transcription initiation) 
to an Nhe I site at position -642. The plasmid containing this region 
was a gift from Naoko Arai of the DNAX Research Institute. 

Expression in Cos? cells. A genomic IL-3 fragment from Case 1 
was cloned into the pXM expression vector, 10 Briefly, the HindUl/ 
Sal I fragment containing the IL-3 gene was subcloned from the 
previously described phage clone 4 into pUC18. 5 The 2.6 kb 
fragment extending from the Sma I site 61 bp upstream of the IL-3 
transcription start to the Sma I site in the polylinker was cloned into 
the blunted Xho I site of pXM. The negative control construct was 
the pXM vector without insert. Plasmids were introduced into Cos7 
cells by electroporation, and supernatant was collected after 48 
hours in culture. 

TF1 bioassay. TF-I cells were passaged in RPMI 1640 supple- 
mented with 10% heat-inactivated fetal bovine serum, 2 mmol 
L-glutamine, and I ng/mL human GM-CSF. 15 Samples and antibod- 
ies were diluted in this same medium lacking GM-CSF but contain- 
ing penicillin and streptomycin. A 25 fit volume of serial dilutions of 
patient serum was added to wells In a flat bottom 96-well microtiter 
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 fiL 
was added to appropriate wells and preincubated for 1 hour at 37°C. 
Fifty microliters of twice washed TF-1 cells were added to each well, 
giving a final cell concentration of 1 x. 10 4 cells per well, (final 
.volume, 100 pL). the plate was incubated for 48 hours. The 
remaining cell viability was determined metabolically by the colori- 
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Fig 1. Breakpoint sequences for Case 2. The germllne lgJh5 region sequence (protein codlna reafon «nw u. ^ 

se^encesareunde^ 

Is in the middle, and the germllne IL-3 sequence, which we derived from a normal ft* clone. Is «™ ta£ " rCS^TS**"** 
sequence has the seme nucleotide. The sequence documents the head-to-head joining of the IL-3 and loH nenes Th«tr«^i ! . J WCh 
gene occurred at position -934 (♦). w»n»s. i ne oreaKpoInt in the IL-3 



metric method of Mosmann using a VMax microtiter plate reader 
(Molecular Devices, Menlo Park, CA) set at 570 and 650 mn. ,e 

Cytokine immunoassays. These assays used rat monoclonal 
anti-cytokine antibodies (10 jig/mL) to coat the wells of a PVC 
microliter plate. The capture, antibodies used were BVD3-6G8, 
JES1-39D10, and BVD2-23B6, for the IL-5, and GM-CSF 
assays, respectively. Patient sera were then added (undiluted and 
diluted \t2 for IL-3, undiluted for and undiluted and diluted 
1:5 for GM-CSF). The detecting immunoreagents used were either 
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat 
monoclonal antibodies JES1-5A2 and BVD2-21C11, specific for 
IL-5 and GM-CSF, respectively. Bound antibody was subsequently 
detected with immunoperoxidase conjugates: horseradish peroxidase 
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-Iabeled rat (J4 
MoAb) antt-NIP for IL-5 and GM-CSF, The chromogenic sub- 
strate was 3-3'azino-bis-benrthiazoline sulfonate (ABTS; Sigma, St 
Louis, MO). Unknown values were interpolated from standard 
curves prepared from dilutions of the recombinant factors using 
Softmax software available with the VMAX microplate reader 
(Molecular Devices). 

RESULTS 

Leukemic DNA from Case 2 was studied by Southern 
blotting. When digested with the Hindlll restriction enzyme 
and hybridized with a human immunoglobulin heavy chain 
joining region (Jh) probe, a rearranged fragment at approxi- 
, mately 14 kb was detected (data not shown). When reprobed 
with either of two different IL-3 probes,* rearranged 14 kb 
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fragment, emigrating with the rearranged Jh fragment, was 
identified. When leukemic DNA was digested with IfindUl 
plus tfcoRI, a rearranged Jh fragment was detected at 6 kb 
The IL-3 probes also identified a comigrating fragment of 
this size. These experiments Indicated that the leukemic 
sample studied was clonal and that a single fragment 
contained both Jh and IL-3 sequences, suggesting a translo- 
cation had occurred. 

To characterize better the joining of the IL-3 gene and the 
immunoglobulin heavy chain (IgH) gene, the polymerase 
cham reaction (PC*) was used to clone the translocation 13 
A Jh primer and an IL-3 primer were designed to produce an 
amplified product in the event of a head-to-head transloca- 
tion. While control DNA gave no PCR product, Case 2 DNA 
yielded a PCR-derived fragment of approximately 980 bp 
which was cloned and sequenced. 

The DNA sequence of the translocation clone from Case 2 
confirmed the joining of the Jh region with the promoter of 
the IL-3 gene in a head-to^head configuration (Fig 1) 
Sequence analysis indicated that the breakpoint on chromo 
some 14 was just upstream of the Jh5 coding region. The 
breakpoint on chromosome 5 occurred 934 bp upstream of 
the putative site of transcription initiation of the IL-3 gene 
We also determined that a putative N sequence of 17 bp was 
inserted between the" chromosome 5 and chromosome 14 
sequences during the translocation event.' 7 -" 1 Figure 2 shows 
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Fig 2-. Relationship of chromosome 6 breakpoints to the IL-3 gene. This figure shows the two cloned breaknnintn i.^^^-i i 
the norma. IL-3 gene.™ One breakpoint occurred at position -4«2 end the other at KoW I fS^Z^'** 0 *? 

translocations resulted In a head-to-heod Joining of the IgH gene and tha IL-3 gene, leaving tho mflNA and protein codlnarentens ^j^, 
gene Intact. Boxes denote the five IL-3 axons: restriction enxymes are <B) flamW. (P) Pst I, (H) Hps I, (E) CcoRl. and <X] *Xho I <heU " 3 
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!?»fL. Documentation of IL-3 01RNA over-expression. A Northern blot was prepared and hybridized with a probe for IL-3. Una 1 
maintained RNA from unstimulated peripheral blood lymphocytes (PBL) as a negative control. Una 2 contained RNA from PBL stimulated for 
t <l A { ^° nAl aWi 181,0 3 ~ h * d RNA **» «■ Emulated with ConA for 48 hours. As In the poslZ control 

»L-3 gene. In addition, the leukemic sample showed over-expression of an unsplfced 2.9 kb IL-3 transcript (lane 4, upper arrow). Wo 
^T^^^nT***" 1 *? T !; n8P "^ l r a S ,r5er ° f th0 mature 1 » transcript by showing that this band hybridized to a proba 
" ° 0n °\ A 8 . lmHar 2 9 bartd wa$ daiect « d *» ten ° 2- suggesting that an IL-3 mRNA of this slzeis sometimes 

22hs^ t ,r ° Uflh ?° re P fes6nt RNA *™ * *™P** * B-nneage «<™° lymphocytic leukemia 

^rthoiit the t(5;14) translocation. Indicating that only the sample whh the translocation exhibited IL-3 over-oxpresston. Case 2 could not ba 
enatyzsd by Northern Wot because too few cells were available for study. 



the locations of the two cloned breakpoints in relation to the 
JL-3 gene. The two chromosome 5 breakpoints were sepa- 
rated by less than 500 bp. 

The genomic structure in Cases 1 and 2 suggested that a 
miormal IL-3 gene product was over-expressed as a result of 
the altered promotor structure. This would predict that the 
IL-3 gene on the translocated chromosome was capable of 
snaking IL-3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 containing all five IL-3 exons under the control of the S V40 
proraotor/enhancer in the Cos7 cell line. Cell supernatants 
vrere studied in a proliferation assay using the factor depen- 
dent erythroleukemic cell line, TF-1. The supernatants* 
derived from transfections using the vector plus insert 
supported TF-1 proliferation, while supernatants from trans- 
fections using the vector alone were negative in this assay 
(data not shown). Furthermore, the biologic activity could be 
blocked by an antibody to human IL-3 (BVD3-6G8), This 
result showed that the translocated allele retained the ability 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (approximately 1 kb) and a 2.9 kb 
unspliced IL-3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;14) translocation 
had undetectable levels of IL-3 mRNA in these experiments. 
In addition, although genes for GM-CSF and IL-5 map close 
to the gene and might have been deregulated by the 
translocation, no IL-5 or GM-CSF mRNA could be detected 
in the leukemic sample (data not shown). 19 ' 20 

Three serum samples from Case 2 were assayed by 
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table 
1). Serum IL-3 could be detected and correlated with the 
clinical course. When the patient's leukemic cell burden was 



highest, the IL-3 level was highest. No serum GM-CSF or 
IL-5 could be detected. 

Since the IL-3 immunoassay measured only immunoreac- 
tive factor, we confimed that biologically active IL-3 was 
present by using the TF-1 bioassay. This bioassay can be 
rendered monospecific using appropriate neutralizing mono- 
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with anti-IL-3 
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES1- 
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data 
not shown). The amount of neutralizable bioactivity in these 
two samples correlated very well with the difference in IL-3 
levels obtained by immunoassay for these samples. Further- 
more, the failure to block TF-1 proliferating activity with 
either anti-IL-5 or anti^M^CSF^was consistent with the 
inability to "measure these factors by immunoassay and 



Table 1 . Peripheral Blood Counts and Growth Factor Levels 
at Dif ferent Times In Case 2 

Sample Dote 





11/15/83 


1/16/84 


3/14/84 


Peripheral blood counts (ce1!s//iL) 








WBC 


81,800 


116.600 


12,300 


Lymphoblasts 


0 


33,786 


0 


Eosinophils 


46.626 


73,080 


616 


Serum growth factor levels (pg/ml) 








IL-3 


' <444 


7,995 


1,061 


GM-CSF 


<15 


<16 


<16 


IL-5 


<50 


<60 


<60 



Peripheral blood counts from Case 2 at three different time points with 
the corresponding growth factor levels quantified fay immunoassay. The 
patient received chemotherapy between 1/16/84 and 3/14/84 to lower 
his leukemic burden. 3 No serum samples were available for a similar 
analysis of Case 1. 

Abbreviation: WBC, white blood cells. 
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indicated that these other myeloid growth factors were not 
detectably circulating in the serum of this patient. 

DISCUSSION 

In this report, we have extended our analysis of acute 
lymphocytic leukemia and eosinophilia associated with the 
t(5;14) translocation. In both cases we have studied, we have 
documented the joining of the IL-3 gene from chromosome 5 
to the IgH gene from chromosome 14. The breakpoints on 
chromosome 5 are within 500 bp of each other, suggesting 
that additional breakpoints will be clustered in a small region 
of the IL-3 promoter. The PGR assay we have developed will 
be useful in the screening of additional clinical samples for 
this abnormality. 

The finding of a disrupted IL-3 promotor associated with 
an otherwise norma! IL-3 gene implied that this transloca- 
tion might lead to the over-expression of a normal IL-3 gene 
product. In this work, we have documented that this is true. 
In addition, neither GM-CSF nor lL-5 ar£ over-expressed by 
the leukemic cells. Furthermore, in one patient, serum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this is the first measurement of human IL-3 
in serum and its association with a disease process. The 
measurement of serum IL-3 in this and other clinical settings 
may now be indicated. 



The finding of the IL-3 gene adjacent to a cancer- 
associated translocation breakpoint suggests that its activa- 
tion is important for oncogenesis. It is our thesis that an 
autocrine loop for IL-3 is important for the evolution of this 
leukemia. 21 The excessive IL-3 production that we have 
documented would be one feature of such an autocrine loop. 
The final proof of our thesis must await additional data In 
particular, from the study of additional clinical samples' it 
will be necessary to document that the IL-3 receptor is 
present on' the leukemic cells and that anti-IL-3 antibody 
decreases proliferation of the leukemia in vitro. 

An important aspect of this work is the suggestion of a 
therapeutic approach for this disease. If an autocrine loop for 
IL-3 can be documented in this disease, attempts to lower 
circulating IL-3 levels or block the interaction of IL-3 with 
its receptor may prove useful. Because it is also possible that 
the eosinophilia in these patients is mediated by the para- 
crine effects of leukemia-derived 1^3, similar interventions 
may improve this aspect of the disease. Antibodies or " 
engineered ligands to accomplish these goals may soon be 
available. 
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Clinical and Pathologic Significance of the 
c-erbB-2 (HER-2/neu) Oncogene 

Timothy R Singleton and John G. Strickler 



The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by 
Slamon et al,™ who reported that DNA amplification in breast carcino- 

mas correlated with decreased survival in patients with metastasis to axillary 
lymph nodes. Subsequent studies, however, of c-eriB-2 activation in breast 
carcinoma reached conflicting conclusions about its clinical significance. This 
oncogene also has been reported to have clinical and pathologic implications in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been emphasized in 
recent reviews. 37 The molecular biology of the c-er&B-2 oncogene has been 
extensively reviewed 37 ' 39 - 55 and will be discussed only briefly here. 

BACKGROUND 

The c-erfeB-2 oncogene was discovered in the 1980s by three lines of investiga- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnitrosurea treatment of fetal rats. 8 '^ 78 The c- 
was a human gene discovered by its homology to the retroviral gene v- 
er&B.swTB HER-2 was isolated by screening a human genomic DNA library for 
homology with v-erbBn When the DNA sequences were determined subse- 
quently, c-eriB-2, HER-2, and neu were found to represent the same gene. 
Recently, the c-er&B-2 oncogene also has been referred to as 1VGL, 

The c-erfoB-2 DNA is located on human chromosome 17q21 M ^ 66 and codes 
for c-erfeB-2 rnENA (4,6 kb), which translates c-erbB-2 protein (pl85). This 
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protein is a normal component of cytoplasmic membranes. Hie oerAB-2 
oncogene is homologous with, but not identical to, c-erfeB-1, which is located 
on chromosome 7 and codes for the epidermal growth factor receptor. 4 < m The c- 
erbB-2 protein is a receptor on cell membranes and has intracellular tyrosine 
kinase activity and an extracellular binding domain. *■ 105 Electron microscopy 
with a polyclonal antibody detects o-er&B-2 immunoreactivity on cytoplasmic 
membranes of neoplasms, especially on microvilli and the non-villous outer cell 
membrane. 61 In normal cells, immunohistochemical reactivity for c-erfcB-2 is 
frequently present at the basolateral membrane or the cytoplasmic membranes 
brush border, ^ 

There is experimental evidence that c^erfoB-2 protein may be involved in 
i r the pathogenesis of breast neoplasia. Overproduction of otherwise normal c- 

) \ , erbB-2 protein can transform a cell line into a malignant phenotype. 2 * Also, 

-.; when the neu oncogene containihj^an activating point mutation is placed in 

transgenic mice with a strong promoter for increased expression, the mice 
i \ . develop multiple independent mammary adenocarcinomas. 18 ' 63 In other experi- 

?c ments, monoclonal antibodies against the neu protein inhibit the growth (in 

II • nude mice) of a n&u-transformed cell line, 28 - 88 and immunization of mice with 

jjf ! neu protein protects them from subsequent tumor challenge with the neu- 

transformed cell line," Some authors have speculated that the use of antago- 
•( ii .' nists for the unknown ligancl could be useful in future chemotherapy. 85 Further 

jj ;i J review of this experimental evidence is beyond the scope of this article. 

[{I . The c-erfcB-2 activation most likely occurs at an early stage of neoplastic 

i£ i . development. This hypothesis is supported by the presence of c-er6B-2 activa- 

L:J tion in both in situ and invasive breast carcinomas. In addition, studies of 

metastatic breast carcinomas usually demonstrate uniform c^riB-2 activation 
at multiple sites in the same patient, immmi,* although activation has 

rarely been detected in metastatic lesions but not in the primary tumor;*™ 50 ' 107 
j/ \ .! Even more rarely, c-er&B-2 DNA amplification has been detected in a primary 

j| ) .! breast carcinoma but not in its lymph node metastasis. 5 In patients who have 

fi jj ' bilateral breast neoplasms, both lesions have similar patterns of o-er&B-2 activa- 

|i{ 'i tion, but only a few such pases have been studied. 11 



MECHANISMS OF oerdB-2 ACTIVATION 



The most common mechanism of c-erfcB-2 activation is genomic DNA amplifica- 
tion, which almost always results in overproduction of c-eriB-2 mRNA and 
protein, 17 - 34 ' 65 ' 81 The c-erfcB-2 amplification may stabilize the overproduction of 
* :j ! mRNA or protein through unknown mechanisms. Human breast carcinomas 

I 1 : with oer&B-2 amplification contain 2 to 40 times more c-erfcB-2 DNA 4 * 3 and 4 to 

■ 128 times more c-erbB-2 mRNA 34 * 90 than found in normal tissue. Most human 

1 1- breast carcinomas with oerfcB-2 amplification have 2 to 15 times more c-erbB-2 

I ;i j DNA. Tumors with greater amplification tend to have greater overproduc- 

jjfcf ■ tion. 17 - 52 ' 65 The non-mammary neoplasms that have been studied tend to have 
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similar levels of c-er&B-2 amplification or overproduction relative to the corre- 
sponding normal tissue. 

The second most common mechanism of oer6B-2 activation is overproduc- 
tion of c-er&B-2 mRNA and protein without amplification of c-erfcB-2 DNA. 81 
The quantities of mRNA and protein usually are less than those in amplified 
cases and may approach the small quantities present in normal breast or other 
tissues. The c-erfcB-2 protein overproduction without mRNA overproduc- 
tion or DNA amplification has been described in a few human breast carcinoma 
cell lines. 47 

Other rare mechanisms of c-eriB-2 activation have been reported. Translo- 
cations involving the c-er&B-2 gene have been described in a few mammary and 
gastric carcinomas, although some reported cases may represent restriction 
fragment length polymorphisms or incpEnplete restriction enzyme digestions 
that mimic translocations. 31 ' 65 * 7 * 84 ' 90 ' 108 A slrtgle point mutation in the transmem- 
brane portion of neu has been described in rat neuroblastomas induced by 
ethylnitrosurea^ 55 The mutated neu protein has increased tyrosine kinase activ- 
ity and aggregates at the cell membrane. 10 > 83 ' 98 Although there has been specula- 
tion that some of the amplified c-er&B-2 genes may contain point mutations, 46 
none has been detected in primary human neoplasms.* 1 * 5 *' 81 

TECHNIQUES FOR DETECTING ACTIVATION 
Detection of c-erbB-2 DNA Amplification 

Amplification of oerbB-2 DNA is usually detected by DNA dot blot or South- 
ern blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a e-erfeB-2 DNA probe. In 
the Southern blot method, the extracted DNA is treated with a restriction 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane, and hybridized with a c-$r&B-2 DNA probe. In both tech- 
i nJques, c-erbB-2 amplification is quantified by comparing the intensity (mea- 

sured by densitometry) of the hybridization bands from the sample with those 
from control tissue. 

Several technical problems may complicate the measurement of c-er&B-2 
DNA amplification. First, the extracted tumor DNA may be excessively de- 
1 graded or diluted by DNA from stromal cells* 61 Second, the c-effcB-2 DNA 

probe must be carefully chosen and labeled, For example, oligonucleotide e- 
er&B-2 probes may not be sensitive enough for measuring a low level of c-eriB- 
! 2 amplification, because diploid copy numbers can be difficult to detect (unpub- 

; Iished data). Third, the total amounts of DNA in the sample and control tissue 

' must be compensated for, often with a probe to an unamplified gene. Many 

studies have used control probes to genes on chromosome 17, the location of c- 
erbh-2 9 to correct for possible alterations in chromosome number. Identical 
. results, however, are obtained by using control probes to genes on other chro- 

I mosomes, 5 '* 5 ' 80 with rare exception. 17 Studies using control probes to the beta- 
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globin gene must be interpreted with caution, because one allele of this gene is j 

deleted occasionally In breast carcinomas. 3 \ 

Amplification of c-erbB-2 DNA was assessed by using the polymerase > 

chain reaction (PCR) in one recent study, 32 Oligoprimers for the o-erfeB-2 gene ] 

and a control gene are added to the samples DNA, and PCR is performed. If • 

the sample contains more copies of c-erbB-2 DNA than of the control gene, the ^ 

c-erbB~2 DNA is replicated preferentially. S , 

Detection of c-erbB»2 mRNA Overproduction \ t 

Overproduction of c«er&B-2 mRNA usually is measured by RNA dot blot or ) 

Northern blot hybridization, IJoth techniques require extraction of RNA but \ 

otherwise are analogous to DNA dot blot and Southern blot hybridization. Use ^ 

of PCR for detection of c-fcr&B-2 mRNA hacbeen described in two recent \ 

abstracts. 8 * 10 * ) 

Overproduction of c-er&B*2 mRNA can be measured by in situ hybridiza- 

tion, Sections are mounted on glass slides, treated with protease, hybridized j f 

with a radiolabeled probe, washed, treated with nuclease to remove unbound \ ' 

probe, and developed for autoradiography. Silver grains are seen only over \\ 

tumor cells that overproduce c-er&B-2 mRNA. Negative control probes are | 

used. 65 > w ' 106 Our experience indicates that these techniques are relatively insensi- | 

,'• tive for detecting c-er&B-2 mRNA overproduction in routinely processed tisr I 

sue. Although the sensitivity may be increased by modifications that allow | 

•:■ simultaneous detection of c-er&B-2 DNA and mRNA, in situ hybridization still | 

is cumbersome and expensive (unpublished data). |j 

; ! All of the above c-erfcB-2 mRNA detection techniques have several prob- % 

': ' lems that make them more difficult to perform than techniques for detecting |^ 

\\.< ' . DNA amplification. One major problem is the rapid degradation of RNA in | 

■ j \ tissue that is not immediately frozen or fixed. In addition, during the detection ^' r \ 

procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must | r \ 

be eliminated meticulously from laboratory solutions. Third, control probes to ? j 
j : genes that are uniformly expressed in the tissue of interest need to be carefully ' ■' ji j 
)l v> selected. y ' * 



i 5 Detection of c-ert>B-2 Protein Overproduction 

The most accurate methods for detecting c-er/?B-2 protein overproduction are iff 

the Western blot method and immunoprecipitation. Both techniques can docu- | j 

! -j ment the binding specificity of various antibodies against c-erfcB-2 protein. In | i 

i Western blot studies, protein is extracted from the tissue, separated by electro- | ! 

! * [ phoresis (according to size), transferred to a membrane, and detected by using an- s : 

I ■ tibodies to c-erfcB-2, In immunoprecipitation studies, antibodies against c-er£B- f ; 

• : j 2 are added to a tumor lysate, and the resulting protein-antibody precipitate is | ! 

: jj ' separated by gel electrophoresis and stained for protein, Both Western blot and | ; 

immunoprecipitation are useful research tools but currently are not practical for | ■ 

diagnostic pathology. TWo recent abstracts have described an enzyme-linked 1 1 

immunosorbent assay (ELIS A) for detection of &erb&-2 protein. | \ 



12/0 ^*003 17:12 FAX 310 208 5971 INFO 6 

.'■ "' o o 



@0O6 



o-o/tB-2 ONCOGENE 169 

Overproduction of protein is most commonly assessed by various 

immunohistochemical techniques. These procedures often generate conflicting 
results, which are explained at least partially by three factors. First, various 
studies have used different polyclonal and monoclonal antibodies. Because 
some polyclonal antibodies recognize weak bands in addition to the c-erfeB~2 
protein band on Western blot or immunoprecipitation, the results of these 
studies should be interpreted with caution.** 3 * 47 ' 61 Even some monoclonal anti- 
bodies immunopreeipitate protein bands in addition to c-erbB-2 (pl85). M ' 59 ' M 
Second, tissue fixation contributes to variability between studies. For example, 
some antibodies detect c-eriB-2 protein only in frozen tissue and do not react 
in fixed tissue. In general, formalin fixation diminishes the sensitivity of 
immunohistochemical methods and decreases the number of reactive cells. 81 ' 86 
When Bouins fixative is used, there may.be a hi^hfii^ percentage of positive 
cases, ** Third, minimal criteria for interpreting immunohistochemical staining 
are generally lacking. Although there is general agreement that distinct crisp 
cytoplasmic membrane staining is diagnostic for c-erfcB-2 activation in breast 
carcinoma, the number of positive cells and the staining Intensity required to 
diagnose c-erbB-2 protein overproduction varies from study to study and from 
antibody to antibody. Degradation of c-erfcB-2 protein is not a problem because 
it can be detected in intact form more than 24 hours after tumor resection 
without fixation or freezing. 64 



ACTIVATION OF c-erl>B-2 IN BREAST LESIONS 
Incidence of c-ert>B-2 Activation 

Most studies of c-erbB-2 oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of c-erfeB-2 DNA was found 
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Table 1), and 
e-er6B-2 mRNA or protein overproduction was detected in 20.9 percent (566 of 
2714) of invasive carcinomas in 20 studies. Twelve studies have documented c- 
mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas 
that lacked c-erbB-2 DNA amplification. 

The incidence of oerbBJL activation in infiltrating breast carcinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrat- 
ing ductal carcinomas have c-erfcB-2 activation, as expected from the above 
data. Other variants of breast carcinoma with frequent oerfcB-2 activation are 
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erMJ-2 activa- 
tion is infrequent in infiltrating lobular carcinoma (7 percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of 15). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent, 
49 of 72). The micropapillaxy type of ductal carcinoma in situ also tends to have 
c-erfcB-2 activation especially if larger cells are present. The greater fre- 
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quency of c-erfcB-2 protein overproduction in coxnedocarcinorna in situ, com- 
pared with infiltrating ductal carcinoma, could be explained by the fact that 
many infiltrating ductal carcinomas arise from other types of intraductal carci- 
noma, which show c*erfcB-2 activation infrequently. Others have speculated 
that carcinoma in situ with oer&B-2 activation tends to regress or to lose o- 
erbB-2 activation during progression to invasion. 40 ' 68 * 02 Infiltrating and in situ 
components of ductal carcinoma, however, usually are similar with respect to c- 
activation, 11 ' 59 although some authors have noted more heterogeneity of 
the immunohistochemical staining pattern in invasive than in in situ carci- 
noma, 40 ' 49 ' 85 Activation ofc-erfeB-2 is infrequent in lobular carcinoma in situ. If 
lesions contain more than one histological pattern of carcinoma in situ, the o 
erbB-2 protein overproduction tends to occur in the comedocardnoma in situ 
but may include other areas of carcinoma in situ. 42 - 54 - 68 Overproduction of c- 
er&B-£ protein in ductal carcinoma in situ correlates with larger cell size and a 
periductal lymphoid infiltrate, 08 

Activation of c-erbB-2 has not been identified in benign breast lesions, 
including fibrocystic disease, fibroadenomas, and radial scars (Table 2). Strong 
membrane immunohistochemical reactivity for o-er&B-2 has not been described 
in atypical ductal hyperplasia, although weak accentuation of membrane staining 
has been noted infrequently. 39 * 4 * 54 In normal breast tissue, c-erfcB-2 DNA is 
diploid, and c-erfeB-2 is expressed at lower levels than in activated tumors, 34 - 35 * 65 ' 88 

These preliminary data suggest that c-er&B-2 activation may not be useful 
for resolving many of the common problems in diagnostic surgical pathology. For 
example, c-erbB-2 activation is infrequent in tubular carcinoma and radial scars. 
In addition, because c-er&B-2 activation is unusual in atypical ductal hyperplasia, 
cribriform carcinoma in situ, and papillary carcinoma in situ, detection of oeriB- 
2 activation in these lesions may not be helpful in their differential diagnosis. The 
histological features of com edocarcinoma in situ, which commonly overproduces 
c-er&B-2, are unlikely to be mistaken for those of benign lesions. Activation of 



TABLE 2. ACTIVATION IN BENIGN HUMAN BREAST L£5H>NS 





oer&B-2 DNA 


c-erdB-2 mRNA 


o-erbB-2 Protein 


Histological Diagnosis 


Amplification" 


Overproduction 


Overproduction 


Fibrocystic disease 


0/10* 




0/32, 3 * 0/gw 0/8 M 


Atypical ductal hyperplasia 






2(weak)/21« 
licytoplasmioJ/IS 39 


Benign ductal hyperplasia 






0/12« 


Sclerosing adenosis 






0/4» 


Fibroadenomas 


0/1&V*0/6,w 
0/2," 0/1* 


0/6,* 0/3* 


0/21 ,* 0/10" 
0/8,»0/3<* 


Radial scars 






0/22» 


Blunt duct adenosis 






0/1 4 s8 


"Breast mastosls" 




0/3* 





■Shown as number ct cases wim actlvalbn/number ol cases studied; reference Is given as a superscript 
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c-erkB-2, however, does favor infiltrating ductal carcinoma over infiltrating 
lobular carcinoma, Further studies of these issues would be useful 

Correlation of c-ert>B-2 Activation With Pathologic Prognostic Factors 

Multiple studies have attempted to correlate c-er&B-2 activation with various 
pathologic prognostic factors (Table 3). Activation of c-erfcB r 2 was correlated 
with lymph node metastasis in 8 of 28 series, with higher histological grade in 6 
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not 
associated with c-erfcB-2 activation in most studies (11 of 14). Tetraploid DNA 
content and low proliferation, measured by Ki-67, have been suggested as 
prognostic factors and may correlate with c-erbB-2 activation. 67 

Correlation of c-erbB-2 Activation With Clinical Prognostic Factors 

Various studies have attempted also to correlate activation with clinical 

features that may predict a poor outcome (Table 4)» Activation of c-er&B-2 
correlated with absence of estrogen receptors in 10 of 28 series and with ab- 
sence of progesterone receptors in 6 of 18 series. In most studies, patient age 
did not correlate with c-er&B-2 activation, and, in the rest of the reports, c- 
erbB-2 activation was associated with either younger or older ages. 

Correlation of oerdB-2 Activation With Patient Outcome 

Slamon et aF 9 * 81 first showed that amplification of the c-erfrB-2 oncogene inde- 
pendently predicts decreased survival of patients with breast carcinoma. The 
correlation of c-erbB-2 amplification with poor outcome was nearly as strong as 
the correlation of number of involved lymph nodes with poor outcome. Slamon 
et ai also reported that c-erfcB-2 amplification is an important prognostic indica- 
tor only in patients with lymph node metastasis, 79 '* 1 

A large number of subsequent studies also attempted to correlate c-eriB-2 
activation with prognosis (Table 5). In 12 series, there was a correlation be- 
tween c-er£>B-2 activation and tumor recurrence or decreased survival. In five 
of these series, the prediotive value of c-crfcB-2 activation was reported to be 
independent of other prognostic factors»-ln contrast, 18 series did notconfirm 
the correlation of c-criB-2 activation with recurrence or survival. Four possible 
explanations for this controversy are discussed below. 

One problem is that c-erMJ-2 amplification .correlates with prognosis 
mainly in patients with lymph node metastasis. As summarized in Table 5, most 
studies of patients with axillary lymph node metastasis showed a correlation of 
c-er6B-2 activation with poor outcome. In contrast, most studies of patients 
without axillary metastasis have not demonstrated a correlation with patient 
outcome. Table 6 summarizes the studies in which all patients {with and with- 
out axillary metastasis) were considered as one group. There is a trend for 
studies with a higher percentage of metastatic cases to show an association 
between c-er&B-2 activation and poor outcome. Thus, most of the current 
evidence suggests that c~er&B-2 activation has prognostic value only in patients 
with metastasis to lymph nodes. 
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TABLE 6, CORRELATION OP c-erbB* ACTIVATION WITH OUTCOME IN PATIENTS 
WITH BREAST CARCINOMA 



Number of Patterns 



With 

Type of Metastasis to 





c-eroB-2 
Activation 


TQtBt 


Axillary No 
Lymph Nodes Metastasis 


Statistical 
Analysis 0 


Reference 


<0.05 


DNA 


176 




M 


fl7 


<0.0S 


DMA 


61 






50 

¥V 


<D.05 


DNA 


57 






65 


<0.05 


DNA 


41 




u 


93 


<0.05 


mRNA 


62 




u 


65 


<0.05 


Protein 


102 






10V 


<0.O5 


DNA 




345 


M 


fil 


<0.05 


DNA 




120 


y 


» « 


<0.05 


DNA 




91 


U 


87 


<0.O5 


DNA 




86 


M 


79 


<0.05 


Protein- WB 




350 


M 


85 


<0.05 


Protein 




62 44 


u 


101 


0.05-0.15 


DNA 


67 




u 


111 


0.05-0.15 


Protein 


189 




M 


92 


0.05-0.15 


Protein 




120 


U 


86 


>0,15 


DNA 


130 




u 


113 


>0.15 


DNA 


122 




M 


4 


>0.1S 


DNA 


50 




U 


44 


>0.15 


mRNA 


57 




U 


50 


>0.15 


Protein 


280 




M 


06 


>0.15 


Protein 


195 




U 


11 


>0.15 


Protein 


102 




u 


39 


>0.15 


Protein 




137 


u 


17 


>0,15 


DNA 




181 


M 


91 


>0.15 


DNA 




* - 159 


u 


fr 


>0.15 


DNA 




73 


u 


87 


>0.15 


Proteln-WB 




378 


u 


86 


>0.15 


Proteln-WB 




192 


u 


17 


>0,15 


Protein 




141 


u 


86 


>0,15 


Protein 




41 


u 


40 



*The endpolnte of these studies were tumor recurrence or decreased survive! or both. Correlation between o- 
eroB-2 actrvaton and a poorer patient outcome Is statistically significant at <0.05, Is of equivocal significance 
at 0.05 to 0.16, and la not significant al >0.16. 

°Shown as variable measured, Letters *WB" Indicate assay by Western blot; the other protein studies used 
(mmunohislochernJcal methods. 

C M *>> multivariate statistical analysis; U = univariate statistical analysis. 
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w™!L^l NTAQE 0F BREA8T CARCINOMAS WITH METASTASIS COMPARED 
WITH PROGNOSTIC SIGNIFICANCE OF MrfrB-2 ACTIVATION 



% of tumors with 
lymph node 
metastasis In 
each study 



70« 



80- 



60- 



40- 



71 (DNA}* 



61 (DNA)*> 

69 (DNA) 67 
58(Proteln)» 



84<DNA) 1 



(in 



42(Pfoteln) S2 



P<0.05 



+ 



0,05<P<0.16 



84 (mRNA) a 
61(DNA)< 



68(DNA)«« 

57{DNA)«» 

65(PrQtelnP 

4a(Protein)" 
46(Pfotefn)" 



— I 

P>0,15 



P for correlation of c-erb&z activation with patient outcome. 

Each smoysperoentage of breast carcinomas with metastasis is compared with the correlation between c 
ert>B-2 acUvation and outcome. These data Include only those studies lhat considered, as oneoroop, all breast 
cancer patients, whether or not they had axfflary metastasis. Superscripts are the references, in parentheses 
are the types ol c-eroB* activation. P values are Interpreted as In Table 3. 



A second problem is that various types of breast carcinoma are grouped 
together in many survival studies. Because the current literature suggests that 
c-erfcB-2 activation is infrequent in lobular carcinoma, studies that combine 
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of o 
erfeB-2 activation in ductal tumors, In addition, most studies do not analyzfe 
inflammatory breast carcinoma separately This condition frequently shows c- 
erfcB-2 activation and has a worse prognosis than the usual mammary carci- 
noma, but it is an uncommon lesion. 

A third potential problem is the paucity of studies that attempt to correlate 
c-erfcB-2 activation with clinical outcome in subsets of breast carcinoma without 
metastasis. TWo recent abstracts reported that in patients without lymph node 
metastasis who had various risk factors for recurrence (such as large tumor size 
and absence of estrogen receptors), c-erfcB-2 overexpression predicted early 
recurrence, 23 ' 67 In patients with ductal carcinoma in situ, one small study found 
no association between tumor recurrence and c-er6B-2 activation. 4 ? 

A fourth problem is the lack of data regarding whether the prognosis 
correlates better with c-*rfeB-2 DNA amplification or with mRNA or protein 
overproduction. Most studies that find a correlation between c-erfeB-2 activa- 
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l 

tion and poor patient outcome measure <x?riB-2 DNA .amplification (Table 5), 
and breast carcinoma patients with greater amplification of c-erbB-2 may have I 
poorer survival, Recent studies suggest that amplification has more prognos- I 
tic power than overproduction, 17 - 5 ** but the clinical significance of c-0rfcB^2 
overproduction without DNA amplification deserves further research, ««* Few 
studies have attempted to correlate patient outcome with c-oiB-2 mRNA 
overproduction, and many studies of c-erfcB-2 protein overproduction use rela- 
tively less reliable methods such as immunohistochemical studies with poly- I 
clonal antibodies. 

Comparison of Activation With Other Oncogenes In 

Breast Carcinoma 

Other oncogenes that may have prognostic implications iniuman breast cancer 
are reviewed elsewhere, 71 ^ 106 This section will be restricted to a comparison 
between the clinical relevance of c-er&B-2 and these other oncogenes. 

The omyc gene is often activated in breast carcinomas, but c-myc activa- 
tion generally has less prognostic importance than c-erfcB«2 activation, w.w t 77.87,w 
One study found a correlation between increased mRNAs of c-erbB-2 and c- 
myc, although other reports have not confirmed this, 34 - 106 Subsequent research, 
however, could demonstrate a subset of breast carcinomas in which c-royc has 
more prognostic importance than c-er£>B-2. 

The gene c-er&B-l for the epidermal growth factor receptor (EGFR) is 
homologous with c-erfeB-2 but is infrequently amplified in breast carcinomas. » 
Overproduction of EGFR, however, occurs more frequendy than amplification 
and may correlate with a poor prognosis. In studies that have examined both c- 
erfcB-2 and EGFR in the same tumor, c-erl>B-2 has a stronger correlation with V 
poor prognostic factors. ».» Studies have tended to show no correlation between 
amplification of c-er&B-2 and c-erbB-1 or overproduction of c-er&B-2 and EQFR, 
although at the molecular level EGFR mediates phosphorylation of c-eriB-2 
protein. 51 .w.«.bb,i» j\ ecen t reviews describe EGFR in breast carcinoma,^ 100 

The genes c-ef &A and ear-1 are homologous to the thyroid hormone recep- 
tor, and they are located adjacent t<?6*rbB*& on chromosome 17. These genes * 
are frequently coamplified with c-erfeB-2 in breast carcinomas. The absence of 
c-erbA expression in breast carcinomas, however, is evidence against an impor- 
tant role for this gene in breast neoplasia. 90 Amplification of c-erfcB-2 can occur J j 
without ear-1 amplification, and these tumors have a decreased survival that is 
similar to tumors with both c-erfcB-2 and ear-1 amplification. 87 Consequently, 
c-erbB-2 amplification seems to be more important than amplification of oerbk 
orear-L 

Other genes also have been compared with c-er&B-2 activation in breast 
carcinomas. One study found a significant correlation between increased o-erbB- 
2 mRNA and increased mRNAs of fo$, platelet-derived growth factor chain A, 
and Ki-ros. 106 Allelic deletion of c-Ha-rai may indicate a poorer prognosis in \ 
breast carcinoma.* 1 but it has not been compared with c-erfeB-2 activation. Some j 
studies have suggested a correlation between advanced stage or recurrence of 
breast carcinoma and activation of any one of several oncogenes.*."* 
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ACTIVATION OF IN NON-MAMMARY TISSUES 

Incidence of c-erfrB-2 Activation In Non-Mammary Tissues 

Table 7 summarizes the norma) tissues in which c-er&B-2 expression has been 
detected, usually with raununohistochemical methods using polyclonal anti- 



i 
I 



TABLE 7. PRESENCE OR ABSENCE OF c~e/*B-2 mRNA OR c*rf>B-2 PROTEIN IN 
NORMAL HUMAN TISSUES 



Tissues With 
D-eribB-2 
mRNA 



Tissues Producing Tissues Lacking Tissues Lacking 

c-ert>B~2 Protein 8 c-erbB-2 mRNA c*erbB-2 Protein 



Skirt" 



Stomach* 

Jejunum" 

Colon 2 * 

Kidney" 



Uver« 



Lung 24 



Feia! brain" 

Thyroid* 
Uterus 24 



Placenta* 



Epidermis 66 
External root sheath^ 
Eocrlne sweat gland" 
Fetal oral mucosa* 
Fetal esophagus 62 
Stomach 2 * 6 * 
Fetal Intestine** 
Small Intestine 22 ' 62 
Colon 2 * 62 
Fetal kidney 62 * 

Fetal proximal tubule" 2 
Distal tubule 62 
Fetal collecting duct 62 
Fetal renal pelvis 82 
Fetal ureter 82 
Hepatocytes 22 
Pancreatic acini 22 
Pancreatic ducts 22 - 63 
Endocrine cells of Islets 

of Langerhans 22 
Fetal trachea 62 . 
Fetal bronchioles 62 
Bronchioles" 



Fetal ganglion cells 92 



Kidneys"* 



Ovary 12 

Blood vessels 42 



Postnatal oral mucosa 82 
Postnatal esophagus 62 



Glomerulus 62 

Postnatal Bowman's capsule 62 
Postnatal proximal tubule 62 

Postnatal collecting duct 82 
Postnatal renal pelvis 62 
Postnatal fetal ureter 82 
Uver*u* 



Pancreatic islets 62 

Postnatal trachea 52 
Postnatal bronchloleB 62 

Postnatal alveoli 6 * 66 
Postnatal brain 62 
Postnatal ganglion cells 62 



Endothelium 62 

Adrenooortloal cells 62 
Postnatal thymus 82 
Fibroblasts 82 
Smooth muscle cells 82 
Cardiac muscle celts? 2 



'This protein study used Western blots; the rest used ImmunohlstochemteaJ methods. 
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bodies. Only a few studies have been performed, and some of these do not 
demonstrate convincing cell membrane reactivity in the published photo- 
graphs. The interpretations in these studies, however, are listed, with the 
caveat that these findings should be confirmed by immunopfecipitaOon or 
Western or RNA blots. Production of c-er&B-2 has been identified in normal 
epithelium of the gastrointestinal tract and skin. Discrepancies regarding c- 
erbB-2 protein in other tissues could be due, at least in part, to differences in 
techniques. 

The data on c-erbB-2 activation in various non-mammary neoplasms 
should be interpreted with caution, because only small numbers of tumors have 
been studied, usually by immunohistochemical methods using polyclonal anti- 
bodies. Studies using cell lines have been excluded, because cell culture can 
induce amplification and overexpression of other genes, although this has not 
' been documented for c-er6B-2. 

Activation of c-eriB-2 has been identified in 32 percent (64 of 203) of 
ovarian carcinomas in eight studies {Table 8). One abstract* 6 stated that ovarian 
carcinomas contained significantly more c-erfcB-2 protein than ovarian non- 
epithelial malignancies. Another report 81 showed that 12 percent of ovarian 
carcinomas had c-er6B-2 overproduction without amplification. 

Activation of c-er*B-2 has been identified in 20 percent (40 of 198) of 
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of 



TABLE 8. c-ert>B-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS* 







o*roB~2 


c-eroB-2 






rnRNA 


Protein 




c-er6B-2 DMA 


Over- 


Over- 


Tumor Type 


Amplification 


production 


production 


Ovary— carcinoma, not otherwise 


31/120 « 1/1 1,* 


23/67* 


23/73,1* 


specified 


0/2,^0/1^0 


36/72*1 


Ovary— serous (papillary) carcinoma 


2/7 ( "« 1/7,»'* 0/6* 






iOvary— endometrioid carcinoma- 1 - 


0/3W '-^ ■* 


z ... - 




Ovary — mucinous carcinoma 


1/2/W 0/1*2 






Ovary— clear cell carcinoma 








Ovary— mixed epithelial carcinoma 


0/2* 






Ovary— endometrioid borderline tumor 


0/1 72 






Ovary— mucinous borderline tumor 


0/3™ 






Ovary— serous cystadenoma 


0/4^2 






Ovary— mucinous cystadenoma 


0/2* 






Ovary— sclerosing stromal tumor 


0/1* 






Ovary— flbrothecoma 


0/1 72 






Uterus— endometrial adenocarcinoma 


0/4 « 0/1 "o 







•Shown as number o1 cases with amplification (or overprodudlon)/tolal number of cases studied; reference fs 
given as superscript All protein studies used tmmunoWstochemlcal methods. 
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intestinal or tubular subtypes and 9 percent (4 of 47) of diffuse or signet ring cell 
subtypes (Table 9). Activation of c-er&B-2 has been deteoted in 2 percent (6 of 
281) of colorectal carcinomas, although an additional immunohistochemical 
study detected c-er&B-2 protein in seven of eight tissues fixed in Bouin s solu- 
tion. One study found greater immunohistochemical reactivity for o-eriB-2 
protein in colonic adenomatous polyps than in the adjacent normal epithelium, 
using Bouin s fixative. Lesions with anaplastic features and progression to inva- 
sive carcinoma tended to show decreased immunohistochemical reactivity for c- 
protein. 22 Hepatocellular carcinomas (12 of 14 cases) and cholangioearci- 
nomas (46 of 63 cases) reacted with antibodies against c-*rfcB-2 in one study, but 
some of these "positive" cases showed only difiuse cytoplasmic staining, which 

TABLE 9. oerj>B>2 ACTIVATION IN HUMAN GASTROINTESTINAL TUMORS* 

c-e/fiB-2 
Protein 



TXimorType 


c-e/ftB*2DNA 
Amplification 


Over- 
production 


Esophagus— squamous cell carcinoma 


0/1 tor 


0/1" 


Stomach— carcinoma, poorly differentiated 


0/22™ 




Stomach — adenocarcinoma 


2/24 « 2/9,^2/8,111 


4/27 » 3/1 0« 




2/8 » 0/1 iw 




Stomach— carcinoma, Intestinal or tubular type 


5/10** 


16/54^ 


Stomach— carcinoma, diffuse or signet ring cell type 


Q/2"» 


4/45® 


Colorectum— carcinoma 


2/49," 1/4&V" 


1/22»7/8 22D 




IMS** .1/45,*' 






0/40" 0/32, w 0/3« 




Colon— villous adenoma 


o/i» 




Colon— tubulovillous adenoma 






Colon— tubular adenoma 


0/7" 


19/19** 


Colon— hyperplastic polyp 


0/1 » 




Intestine— leiomyosarcoma 




0/1* 


Hepatocellular carcinoma — — 


0 /12«i 


12/14^0/^ 


Hepatoblastoma 


0/1* 




Cholanglocarclnoma 




46/69* 


Pancreas— adenocarcinoma 




2W0/2* 


Pancreas— acinar carcinoma 




0/1 41 


Pancreas— clear celt carcinoma 




0/2" 


Pancreas— large cell carcinoma 




0/3* 


Pancreas— signet ring carcinoma 




0/1<* 


Pancreas— chronic Inflammation 




0/l4«*> 



■Shown as number of cases with amplification (or Qverproductlcn)/lotal number of cases studied; reference Is 
given as superscript. All protein studlee used ImmunoWstochemlcal methods, No studies analyzed for o*ro&- 
2mRNA. 

'Tissues fixed In Bouln'e solution, 

c Onry cases with distinct membrane staining are Interpreted aa showing c-ert>B-2 overproduction. 
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TABLE 10. c-erbB-2 ACTIVATION IN HUMAN PULMONARY TUMORS" 







c-erDB-2 


Tumor Type 


c-ert>B-2DNA 


Protein 


Amplification 


Overproduction 


Non-small cell carcinoma 


2/eo»a/6ow 


1/84™ 


Epidermoid carcinoma 


0/13® 0/10*7 0Y6» 


3/6" 


Adenocarcinoma 


0/21 « 1/13" 077,™ 0/7,w 0/3^ 


4/12* 


Large cell carcinoma 


0/9 0 0/6® 




Small cell carcinoma 




0726 "0/3* 


Carcinoid tumor 


D/1« 


073» 



•Shown as number of oases with ampilfioation (or overproduction)/total number ol cases studied; reference Is 
given as superscript An protein studies used fmmunohistochemteaJ methods. No studies analyzed tor e-srtB- 
2mRNA» 



does not indicate c-erbB-2 activation in breast neoplasms. 95 Also, some pancre- 
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immuriohisto- 
chernical reactivity for c-er&B-2 protein, in addition to the rare case of pancre- 
atic adenocarcinoma with distinct cell membrane staining. 41 

Tables 10 through 14 summarize the studies of c-arfcB-2 activation in other 
neoplasms. The oerfcB-2 oncogene is not activated in most of these tumors 
Activation of c-srfcB-2 has been detected in 1 percent (4 of 299) of pulmonary 
non-small cell carcinomas in nine studies, although one additional report 00 
found o-eriB-2 protein overproduction in 41 percent (7 of 17), Renal cell carci- 
noma had c-eri>B-2 activation in 7 percent (2 of 30) in four studies. Overproduc- 
tion of c-er&B-2 protein was described in one transitional cell carcinoma of the 
urinary bladder, a grade 2 papillary lesion," Squamous cell carcinoma and basal 
cell carcinoma of the skin may contain c-6ri?B-2 protein, but it is not clear 



TABLE 11. c-eribB-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS* 



> 

Tumor Type 


— c^rbB-2 DNA ~ 
Amplification 


c-ertB-2 

rpRNA 
Over- 
production 


c-erfcB-2 
Protein 
6ver- 
production 


Hematologic malignancies 


0/23"* 






Malignant lymphoma 


079*7 0 /3 107 


OfV 


0/15<» 


Acute leukemia 


0/1457 






Acute lymphoblastic leukemia 


0/1 w 






Acute myeloblasts leukemia 


0/31*7 






Chronic leukemia 


0/1957 






Chronic lymphocytic leukemia 


076«>7 






Chronic myelogenous leukemia 


078'°7 






Myeloproliferative disorder 


071 w. 







"Shown as number of oases with amplification (or overproductionytotel number ol cases studied; reference is 
given as superscript. Alt protein studies used knmunohlstochemlca) methods. 
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TABLE 12. cxypB-2 ACTIVATION IN HUMAN TUMORS OF SOFT TISSUE AND BONE' 

c-erdB-2 DNA 

Tumor Type Amplification 



Sarcoma 


0/10,i" 0/8" 


Malignant fibrous histiocytoma 


0/1 w 


Uposarcoma 


0/3W 


Pleomorphic sarcoma 


0/11W 


Rhabdomyosarcoma 


0/1 w 


Osteogen^ sarcoma 


0/2, '"0/2* 


Chondrosarcoma 




Ewing's sarcoma 


0/1* 


Schwannoma 


0/1* 



■Shown as niiniber of cases with amplification (or overpwdudlonVtolal number of cases studied; reference fs 
given as superscript No studies analyzed for c*rt>B-2 mRNA or oerf>B-2 protein. 



whether the protein level is Increased over that of normal sldn. 56 Thyroid 
carcinomas and adenomas can have low levels of increased e-erfcB-2 mRNA. 
One abstract, described low-level c-erbB-2 DNA amplification in one of ten 
salivary gland pleomorphic adenomas, 48 

Correlation of oerbB-2 Activation With Patient Outcome 

Very few studies have attempted to correlate c-erfcB-2 activation in non- 
mammary tumors with outcome.* Slamon et al 81 showed that c~er&B-2 amplifica- 
tion or overexpression in ovarian carcinomas correlates with decreased survival* 
especially when marked activation is present. However, they did not report the 
stage, histological grade, or histological subtype of these neoplasms. Another 
study of stages III and IV ovarian carcinomas found a correlation between 
decreased survival and c-erfcB-2 protein overproduction, but not between sur- 
vival and histological grade. 1 * One abstract stated that o-erfcB-2 protein overpro- 
duction in 10 of 16 pulmonary adenocarcinomas correlated with decreased 
disease-free interval. 70 Another abstractdescribed atendency for immunohisto- 



TABLE 13. C-erbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACT 8 



Tumor Type 


<H»rfrB-2 DNA 
Amplification 


c-er6B-2 
mRNA 
Over* 
production 


c-erbB-2 
Protein 
Over- 
production 


Wdney— renal cell carcinoma 


1/5,* 1/4,107 0/5* 


0/16"» 




Wilms 1 tumor 


0/4* 






Prostate— adenocarcinoma 






0/23 6 * 


Urinary bladder— carcinoma 






1/4B» 



"Shown as number of cases with amplification (or ovorproductlon)/(o1al number of cases studied; reference la 
given as superscript. All protein studies used Iromunonlstochemical methode. 
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TABLE 14. c+rbB* ACTIVATION IN MISCELLANEOUS HUMAN TUMORS 8 

o*erfcB*2 

c*rt>B-2 prptein 
DMA c*erbB-2 mRNA Over- 
"wwType Amplification Overproduction production 

Skin— maJIflnant melanoma — _ o/10» 

Skin, head and neck — squamous o/7< w 

cell carcinoma 

Site not stated— squamous cell QfQVQfe 7 * — 
carcinoma 

Salivary gland — adenocarcinoma 1/1 « ^ 

Parotid gland— adenokJ cyeUc — _ - m9l 
carcinoma 

- Thyroid— anaplastic carcinoma 0/1 1 0/1 1 — 

Trtyrold—paplllary carcinoma 0/5* 3(tow levels)/5i — 

Thyroid— adenocarcinoma q/i* _ 

Thyroid— adenoma Q/21 1(low levels)/^ — 

Neuroblastoma 0/35,* O/B.^O/I 76 " — 

Meningioma 0/2 57 _ _ 

•Shown as number of cases with amplification (or overproaudionWal rwrnbar of cases studied; reference la 
0 n M fiwparacrtpt AH protein studies used frnmunohlstocheirtoal methods. 

chemical reactivity for cser6B-2 protein to correlate with higher grades of pros- 
tatic adenocarcinoma. » Additional prognostic studies of ovarian carcinomas and 
other neoplasms are needed. 

SUMMARY 

Activation of the c-erbB~2 oncogene can occur by amplification of c-er6B-2 
DNA and by overproduction of cw?r6B-2 mRNA and *-erfcB-2 protein. Approxi- 
mately 20. percent of breast carcinomas shqjv evidence of ^^6^2 activation, 
which correlates with a poor prognosis primarily in patients with metastasis to 
axillary lymph nodes. Studies that have attempted to correlate c-er&B-2 activa- 
tion with other prognostic factors in breast carcinoma have reported conflicting 
conclusions. The pathologic and clinical significance of c-eri>B-2 activation in 
other neoplasms is unclear and should be assessed by additional studies. 
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aberration results in the aberrant expression of a mRNA and the corresponding gene product (the 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the therapeutic antibody approach. 

5 . Comparison of gene expression levels in normal versus diseased tissue has 
important implications both diagnostically and therapeutically. For example, those who work in 
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be , 
over-expressed. It is unlikely that one identifies increased mRNA expression without associated 
increased protein expression. This same principle applies to gene under-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concentrations for a specific gene are 
expected to have correspondingly different concentration of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in situ hybridization, 
quantitative PCR, Taqman, and more recently Microarray technology all rely on the dogma that a 
change in mRNA will represent a similar change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
quantitation techniques have identified a seemingly endless number of genes which are 
differentially expressed in various tissues and these genes have subsequently been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and the detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
with the mRNA expression, this still provides significant information useful for cancer diagnosis 
and treatment. For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tumor types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-expression of the gene product in the presence of a particular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will decide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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DECLARATION OF PAUL POLAKIS, Ph.D. 
I, Paul Polakis, PhJD., declare and say as follows: , 

1. Iwas awarded a Ph.D. by the Department of Biochemistry of the Michigan 
State University in 1984. My scientific Curriculum Vitae is attached to and forms 
part.of this Declaration (Exhibit A). 

2. Iamcurrently employed by Genentech, Inc. where my job title is Staff 
Scientist Since joining Genentech in 1999, one of my primary responsibilities has 
been leading Genentech's Tumor Antigen Project, which is a large research project 
with a primary foCus on identifying tumor cell markers that find use as targets for 
both the diagnosis and treatment of cancer in humans. 

3. As part of the Tumor Antigen Project, my laboratory has been analyzing 
differential expression of various genes in tumor cells relative to normal cells 
The purpose of this research is to identify proteins, that are abundantly expressed 
on certain tumor cells and that are either (i) not expressed, or (ii) expressed at 
lower levels, on corresponding normal cells. We call such differentially expressed 
proteins "tumor antigen proteins", When such a tumor antigen protein is 
identified, one can produce an antibody that recognizes and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultimately 
serve as an effective therapeutic in the treatment of human cancer. 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting and 
studying differential gene expression in human tumor cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such ' 
technique is the well known and widely used technique of microarray analysis 
which has proven to be extremely useful for the identification of mRNA molecules 
that are differentially expressed in one tissue or cell type relative to another. In the 
course of our research using microarray analysis, we have identified 
approximately 200 gene transcripts that are present in human tumor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen proteins ' ' 
expressed from these differentially expressed gene transcripts and have used these 
antibodies to quantitatively determine the level of production of these tumor 
antigen proteins in both human cancer cells and corresponding normal cells. We 
have then compared the levels of mRNA and protein in both the tumor and normal 
cells analyzed. 

5. From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changes in the 
level of mRNA present in any particular cell type and the le vel of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above and my . 
knowledge of the relevant scientific literature, it is my considered scientific 

. opinion that for human genes, an increased level of mRNA in a tumor cell relative 
to a normal cell typically, correlates to a similar increase in abundance of the 
encoded protein in the tumor cell relative to the normal cell. In fact, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the. encoded protein. . While there have been 
published reports of genes for which such a correlation does not exist, it is. my 
opinion that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are predictive of corresponding increased levels of the 
encoded protein. 

7. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information or belief are believed to be true, 
and further that these statements were made with the knowledge that.willful false 
statements and the like so made are puipshable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that such willful 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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High-throughput technologies, such as proteomic screening and DNA micro-arrays, produce vast 
amounts of data requiring comprehensive analytical methods to decipher the biologically relevant 
results. One approach would be to manually search the biomedical literature; however, this would be 
an arduous task. We developed an automated literature-mining tool, termed MedGene, which 
comprehensively summarizes and estimates the relative strengths of all human gene-disease 
relationships in Medline. Using MedGene. we analyzed a novel micro-array expression dataset 
comparing breast cancer and normal breast tissue in the context of existing knowledge. We found no 
correlation between the strength of the literature association and the magnitude of the difference in 
expression level when considering changes as high as 5-fold; however, a significant correlation was 
observed (r = 0.41; p = 0.05) among genes showing an expression difference of 10-fold or more. 
Interestingly, this only held true for estrogen receptor (ER) positive tumors, not ER negative. MedGene 
identified a set of relatively understudied, yet highly expressed genes in ER negative tumors worthy of 
further examination. 
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Introduction 

At its current pace, the accumulation of biomedical literature 
outpaces the ability of most researchers and clinicians to stay 
abreast of their own immediate fields, lei alone cover a broader 
range of topics. For example, to follow a single disease. c.g., 
breast cancer, a researcher would have had to scan 130 different 
journals and read 11 papers per day in 1999. 1 This problem is 
accentuated wilh high- Uirough put leclinologj es such as DNA 
micro-arrays and pro! comics, which require the analysis of 
large datascts involving thousands of genes, many of which are 
unfamiliar to a particular researcher. In any microarray experi- 
ment, thousands of genes may demonstrate statistically sig- 
nificant expression changes, but only a fraction of these may 
be relevant to the study. The ability to interpret these dalasets 
would be enhanced if ihey could be compared to a compre- 
hensive summary of what is known about all genes. Thus, there 
is a need to summarize existing knowledge In a format that 
allows for the rapid analysis of associations between genes and 
diseases or other specific biological concepts. 

One solution to this problem is to compile structured digital 
resources, such as the Breast Cancer Gene Database 1 and the 
Tumor Gene Database.' However. ;is these resources are hand- 
ctiratcd. the labor-intensive review process becomes a rate- 
limiting step in Umj growth of the database. As a result, these 
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databases have a limited scale and the genes are not selected 
in a systematic fashion. 

An alternative approach is automated text mining; a method 
which involves automated infonnaUon extraction by searching 
documents for text strings and analyzing their frequency and 
context This approach has been used successfully in several 
instances for biological applications. In most cases, it lias been 
applied to extract information about the relationships or 
Interactions that proteins or genes Jtave with one another. In 
the literature or by functional annotation.*" 7 Thus far. few 
publication have applied text-mining to examine the global 
relationships between genes and diseases. Perez-Ira txeta et ah 
automatically examined die CO (Gene Ontology) annotation 
of genes and their predicted chromosomal locations in order 
to identify genes linked to Inherited disorders. 8 

To obtain a more global understanding of disease develop- 
ment, it would be valuable to Incorporate information regarding 
all possible gene -disease relationships. Including bioctemical. 
physiological, pharmacological, epidemiological, as well as 
gcneUc This Information would enable comprehensive com- 
parisons between large experimental datascts and existing 
knowledge in the literature. This would accomplish two things. 
First, It would serve to validate experiments by demonstrating 
that known responses occur as predicted. Second, it would 
rapidly highlight wlilch genes arc corroborated by the literature 
and which genes are novel in a given context. We liave utilized 
a computational approach to literature mining to produce a 
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comprehensive set of gene-disease relationships. In addition, 
we have developed a novel approach to assess the strength of 
each association based on the frequency of citation and co- 
citation. We applied this tool to help interpret the data from a 
large micro-array gene expression experiment comparing 
normal and cancerous breast tissue. 

Methods 

MedCene Database. MedCene is a relational database, stor- 
ing disease and gene information from NCBI, text mining re- 
sults, statistical scores, and hyperlinks to the primary lit- 
erature. MedGene has a web-based user Interface for users lo 
query the database {t\\ip j/hip$eqjmedbarTttrd.cdu/MedGmc/). 

Text Mining Algorithms. MeSH files were downloaded from 
the MeSH web site al NLM (Nation Library of Medicine) (httpV/ 
www.nlm Juli.gov/mesh/meshhomeiiuTiI) and human dbease 
categories were selected. Locus Link files were downloaded from 
the LocusLink web site at NCBI (http://www.ncbJ .nih.gov/ 
LocusLtnk/). Official/preferred gene symbol, official/preferred 
gene name, and gene alternative symbols and names, ail 
relevant annotations and URLs for each LocusLink record, were 
collected. Gene search terms were used for literature searching 
and Included all qualified gene names, gene symbols, and gene 
family terms. Primary gene keys, predominantly qualified gene 
family terms and gene official/preferred symbols, were used 
to Index Medline records. If the official/preferred gene symbols 
did not meet the standards to be an index, then qualified gene 
official/preferred names were used. A local copy of Medline 
records (up to July. 2002) was pre selected. 

A JAVA module examined the MeSH terms and then Indexed 
each Medline record with the appropriate disease terms. A 
separate JAVA module was used to examine tfie titles and 
abstracts for gene search terms and then to index the gene- 
related Medline records with the relevant primary gene key(s). 

Statistical Methods. For every gene and disease pair, we 
counted records that were Indexed for both gene and disease 
(double positive hits), for disease only (disease single hits)', for 
gene only (gene single hits), and for neither gene nor disease 
(double negative hits) to generate a Z x 2 contingency table. 
On the basis of the contingency table-framework, we applied 
different statistical methods to estimate the strength of gene- 
d Is case relationships and evaluated the results. These methods 
included chi-square analysis. Fisher*s exact probabilities, rela- 
tive risk of gene, and relative risk of disease" (http:// 
hipseq.med.harvard.edu/McdCcne/). In addition, we computed 
the "product of frequency", which Is the product of the 
proportion of disease/gene double hits to disease single Wis 
and the proportion of disease/gene double hits to gene single 
hits. To obtain a normal distribution, we transformed all the 
statistical scores using the natural iogariUiin. We selected the 
tog of the product of frequency (LPF) to validate MedCene and 
to use for the analysis with the micro-array data. Spearman 
rank-correlation coefficients were used lo assess the linear 
relationship between LPF and micro-array fold change in 
expression level. 

Global Analysis. Diseases with at least 50 related genes were 
selected for clustering analysis, and the LPF scores were 
normalised with total score for each disease. Hierarchical 
clustering was done with the "Cluster" software and the 
clustering result was visualized using "TrecVievver* (hup:// 
rana.lbl.gov/RistnSoflware.hlm). 
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Breast Tissue Micro Arrays. Eighty-nine breast cancer 
samples (79% ER-posltrve) and 7 normal breast tissue samples 
were selected from the Harvard Breast SPORE frozen tissue 
repository and were representative of the spectrum of histo- 
logical types, grades, and hormone receptor immuno-pheno- 
types of breast cancer. Blotinytated cRNA. generated from the 
total RNA extracted from the bulk tumor, was hybridized to 
Aflymetrix U95A ollgo-nudeotide micro-arrays. These micro- 
arrays consist of 12 400 probes, which represent approximately 
9000 genes. Raw expression values were obtained using GENE- 
CHIP software from Aflymelrix. and then further analyzed using 
the DNA-Chip Analyzer (dChip) custom software. 

Results 

Automated Indexing of Medline Records by Disease and 
Gene. To study the gene-disease associations in the literature, 
we first compiled complete lists for human diseases and human 
genes. To index all Medline records that were relevant to 
human diseases, the Medical Subject Heading (MeSH) Index 
of Medline records was utilized. MeSH is a controlled medical 
vocabulary from the National library of Medicine and consists 
of a set of terms or subject headings that are arranged in both 
an alphabetic and an hierarchical structure. Medline records 
are reviewed manually and MeSH terms are added to each with 
software assistance. 9 - 10 Twenty-three human disease category 
headings along with all of their child terms (see the Supporting 
Information. Supplemental Table 1, or visit http://hipseq. 
mediiarvard.edu/McdGene/publicaUon/sJTable 1 -html) were 
selected from the 20D2 MeSH index creating a list of 4033 
human diseases. 

No index comparable to the MeSH index exists for genes, 
and thus. It was necessary lo apply a string search algorithm 
for gene names or symbols found In Medline tcxL A complete 
list of genes, gene names, gene symbols, and frequently used 
synonyms were collected from the LocusLink database at 
NCBI J 1 -" which contains 53 259 independent records keyed 
by an official gene symbol or name (June 18 th , 2002). For the 
purposes of this study, no distinction was made between genes 
and their gene products. Authors often use tins same name for 
both, differentiating the two only by the use of italics, if at all. 
For the intended use of tlds study, this tack of distinction is 
unlikely to liave a large effect and may in fact be beneGcial. 

Initial attempts to search the literature using these lists 
revealed several sources of false positives and false negatives 
(Table 1). False positives primarily arose when the searched 
term had other meanings, whereas false negatives arose from 
syntax discrepancies necessitating the development of filters 
to reduce these errors. The syntax issues were readily handled 
by Including alternate syntax forms in the search terms. The 
false posiUve cases, caused by duplicative and unrelated 
meanings for the terms, were more difficult to manage. Where 
possible, case sensitive suing mapping reduced inappropriate 
citations, in many cases, however, this was not sufficient and 
tlie terms had lo be eliminated entirety, thereby reducing the 
false positive rate but unavoidably u rule r-represen ling some 
genes. 

For ihe purposes of data tracking, a primary gene key was 
selected to represent all synonyms dial correspond to each 
gene. Medline rcconts were Indexed with a primary gene key 
when any synonym for that key was found in the title or 
abstract. Casc-insensiuve string mapping was used Tor all 
searches except as noted above. No additional weight was 
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Table 1. Systematic Sources of False Positives and False Negatives in Unfiltered Data* 
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error type 
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filter solution 



gene symbol/name 
is not unique 



gene symbol is 

unrelated abbreviation 
gene symbol/name 

has language meaning 
nonstandard syntax 
unofficial gene name/symbol 
nonspedOed gene name 



false positive A£4C-mye!ln 

associated glycoprotein 
M4G-malignancy-assocJated 
protein 

false positive /M-paJUd homologue (mouse). 

paMdin (also abbrev. for Pennsylvania) 
false positive WAS^Wiskott-Aidrich Syndrome 

(also the word Vas") 
false negative BAG-1 instead olBAGI 
false negative P53 instead of TP53 
false negative estrogen receptor instead of 

Estrogen receptor I 



eliminate this term 

eliminate this term 

case-sensitive string search 

add dash term 

add all gene nicknames 

add family stem term 



. * In preliminary studies. Medline was searched for co-occurrence of genes and diseases and the resulting output was evaluated to identify error sources that 
were amenablo to global fillers. Each error source Is categorized by the type of error it causes: false positives are suggested relationships that are not real and 
fabe negatives are real relationships that are undempresented. The filter solutions used are Indicated. Note that In some cases, the filter solution Usclf Introduces 
error. In general, error rotes majrtmUed sensitivity, even at the expense of specificity If needed. 



added for multiple occurrences of a term or the co-occurrence 
of multiple synonyms for the same gene key. 

Medline records were searched with all qualified gene 
identifiers, such as the official/preferred gene symbol, the 
official/preferred gene name, all gene nicknames and ail syntax 
variants. In situations where there are several members of a 
gene family or splice variants, some authors prefer to use a 
shortened gene family name, e.g.. estrogen receptor instead of 
estrogen receptor 1 [ESRt) t creating a source of false negatives. 
For this reason, gene family stem terms were created for all 
genes that have an alpha or numerical suffix (e g.. JL2RA, TCFfi, 
ESR), etc.) and then used to search the literature. The family 
stem terms were handled separately from the specific gene 
names so that it would be dear when linkages were made to 
the gene family versus a specific member in that family. 

To Improve performance and accuracy, some pre- selection 
was applied to the records thai were scanned. First review 
articles were eliminated to avoid redundant treatment of 
citations. Second, non-English journals were removed because 
the natural language filters were only relevant to English 
publications. Finally Journals unlikely to contain primary data 
about gene- disease relationships were also removed (e.g.. Int. 
J. Health Educ, Bedside Nurse, and / HeaJtt t Eton). Together, 
these fillers reduced the 12 198 221 Medline publications (July 
2002) by 37%. 

Ranking the Relative Strengths of Gene -Disease Associa- 
tions. In total, there were 618 708 gene-disease co-citations, 
in which 16% (8297) of all studied genes had been associated 
to a disease and 95% (3875) of all diseases had been associated 
to at least one gene. To rank the relative strengths of gene 
disease relationships, we tested several different statistical 
methods and examined the results. With the exception of the 
relative risk estimates, the methods provided similar results 
with respect to the rank order of the gene-disease association 
strengths. However, after comparing the results to other 
databases and after consulting disease experts, the log of the 
product of frequency (LPF) was selected for further analysis 
because it gave the best results overall. 

Validation of McdCcnc. In developing this tool, it was 
important to minimize the number of missed genes (false 
negatives) and miscalled genes (false positives). However. In 
situations when these goals were in conflict, indusi veness was 
prioritized. To determine the false negative rate in MedCcne. 
breast cancer was used as a lest case because it was assodatcd 
with more genes than any otlier human disease and because 




Figure 1. Estimation of the false negative rate by comparison 
with hand-curated databases. The breast cancer-related genes 
Identified by MedGene were compared with those listed In 
several other databases including the Tumor Gene Database 
(TGD). 2 the Breast Cancer Gene Database(BCG). 1 GeneCards 
(GC)" and Swissprot." Genes were considered false negatives 
if they were represented In at least one of these other databases 
and not in MedGene and their link to breast cancer was sup- 
ported by at least one literature reference. All literature references 
were verified by manual review to confirm their validity. The 
number of genes in each database or shared by more than one 
database is indicated. The raise negative rale was calculated by 
genes missed at MedGene (26)/total number of nonover lapping 
genes in other databases (285). 

there were several public databases that link genes to breast 
cancer. We compared the list of breast cancer-related genes 
from MedGene to these databases, illustrated In Figure 1. 
Among the 285 distinct breast cancer-related genes that were 
supported by at least one literature citation in these hand- 
curated databases, 26 were absent from MedGene. suggesting 
a false negative rate of approximately 9%. To determine why 
these were missed, all literature references for these genes (80 
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papers) were reviewed manually (see the Supporting Informa- 
tion. Supplemental Table 2, or visit http://nipseq.med. 
harvard.edu/MedGene/pubUcation/sjrable 2.htmf). Among 
these papers, most false negatives were caused by nonstandard 
gene terms or gene terms eliminated by our specificity (liters. 
Few genes were missed because they were only mentioned in 
review papers (0.4%) or they appeared only in the body of the 
manuscript but not the abstract or title (1.1%). Of note. 
MedGene identified approximately 2000 additional breast 
cancer-related genes not listed in any other database. 

To assess the false positive error rale, two complementary 
approaches were used: a detailed analysis of one disease and 
a global examination of 1000 diseases. The detailed approach 
examined the false positive error rate and its sources, whereas 
the global approach tested whether the overall results made 
biomedical sense. 

Using the LPF, 1467 genes related to prostate cancer were 
assembled in rank order. We then retrieved approximately 300 
Medline records each for the highest ranked 100 and the lowest 
ranked 200 genes and manually reviewed the titles and 
abstracts to determine the verily of the association. Nearly 80% 
' of the highest ranked 100 genes fell into one of the five 
categories that reflect meaningful gene-disease relationships 
(see the Supporting Information, Supplemental Table 3, or visit 
http://hipscq.med.harvard.edu/MedCene/pubIication/ 
s_Tab!e 3.hlml). Among ihe lowest ranked 200 genes, ap- 
proximately 70% reflected true relationships. Of the 600 records 
reviewed, there were only two in which the association between 
the gene and the disease was described as negative. Both were 
genes with very low scores. In both cases, the authors did not 
argue the absence of any relationship, but rather that a 
particular feature of the gene or protein was not shown to be 
* related to human prostate cancer. 13 - 14 

The coincidence of some gene symbols with medical ab- 
breviations, chemical abbreviations and biological abbrevia- 
tions resulted in most of the false positives (see the Supporting 
Information, Supplemental Table 4. or visit http;//hipse- 
qmed.narvard.edu/MedCene/pubUcalion/s_TabIc 4. html), em- 
phasteing the importance of the fillers that were added in the 
search algoritlun (Table 1). Without the filters, the false positive 
rate more than doubled, and Ihe false negative rate rose 
dramatically (data not shown). For example, among the papers 
about breast cancer, there were only 12 Medline records thai 
referred to ESRl and 10 to E$R2. whereas almost 2000 papers 
mentioned estrogen receptor without specifying ESRl or ESR2. 
this latter group was delected by the family stem term filter. 

To further validate these results, a global analysis of the gene- 
disease relationships described by MedGene was performed. 
For this experiment. It was reasoned thai ihe more closely 
related the diseases are to one another, the more they will be 
related to the same gene sets. Thus, if ihe relationships defined 
by MedGene accurately reflected the literature, then an unsu- 
pervised hierarchical clustering of the gene data should group 
diseases in a manner consistent with common medical think- 
ing. Conversely. If the clustered diseases do not make sense 
biologically or medically, it may reflect excessive false positives, 
false negatives, or inappropriate scoring of the data. 

To execute this experiment, the gene sets and the corre- 
sponding LPF values for 1000 randomly selected diseases (each 
with at least 50 gene relationships) were used as a dataset for 
clustering the diseases. A review of the results showed that the 
resulting disease clusters were bidced logical based upon 
common medical knowledge (see the Supporting Infonnatlon. 
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Supplemental Figure 1 , or visit M^/hipseqjnedJ^ajvanLedu/ 
MedCene/publlcaUon/s^Figure lJitnu). For example, in one 
such duster shown In Figure 2, diabetes and lis complications 
grouped together and were also closely linked to diseases 
associated with starvation states. 

The number of genes associated with a given disease can. 
be estimated by adjusting the MedGene number up by the false 
negative rate (^9%) and down by the false positive rate (-26% 
on average). Using this, the average disease has 103.7 ± 45.3 
(mean ± s A) genes associated with It, although the range Is 
quite broad with 2359 genes related to breast cancer. 2122 
genes related to lung cancer and no genes related to a number 
of diseases. 

Applying MedGene to the Analysis of Large Datasets. Access 
to a comprehensive summary of the genes linked to human 
diseases provided an opportunity to analyze data obtained from 
a high-throughput experiment We compared the MedGene 
breast cancer gene list to a gene expression data set generated 
from a micro-array analysis comparing breast cancer and 
normal breast tissue samples. Micro-array analysis identified 
2286 genes that had greater than a 1-fold dilTerence in mean 
expression level between breast cancer samples and normal 
breast samples. Using MedGene. we sorted the 2286 genes into 
four classes: 555 genes directly linked to breast cancer In the 
literature by gene term search (first-degree association by gene 
name); 328 genes directly linked by family term search (first- 
degree association by family term); 1021 genes linked to breast 
cancer only through other breast cancer genes (second-degree 
association); and 505 genes not previously associated with 
breast cancer. (See Ihe Supporting Information. Supplemental 
Figure 2, or visit http://hipseq.med.harvard.edu/MedCene/ 
publication/s^igure 2JumL) Among the 505 previously un- 
related genes, 467 were either newly Identified genes or genes 
thai had not previously been associated with any disease. 
Among the remaining 38 genes. 9 had been related to other 
cancers, specifically esophageal colon, uterine, skin, and cervix. 

To determine whether the genes highlighted by the micro- 
array analysis were more likely to have been previously linked 
lo breast cancer in the literature, we created a two-dimensional 
plot of the fold change of expression level between breast 
cancer and normal tissue versus the literature score (LPF) 
(Figure 3A). There was a broad spread of expression changes 
among the genes directly linked to breast cancer ranging from 
less than 1-fold change (68%) to over 40-fold (0.3%). Notably, 
the majority of genes wllh greater than 10-fold expression 
changes were linked to breast cancer by first- degree associa- 
tion. 

Among all 754 genes directly linked to breast cancer in the 
literature, there was no correlation between LPF and micro- 
anay fold change (r 0.018. r> value = 0.52). However, when 
we stratified the analysis based on the magnitude of the fold 
change, we observed an Increasing Ircnd in correlation Figure 
3B) suggesting that genes with a more substantial change in 
expression level were more likely to have a sUonger association 
in the literature. For genes that had I O-fold change or more In 
expression level, the correlation increased to 0.4 1 (p>value - 
0.05). 

When we evaluated the micro- array data separately for ER 
positive and ER negative tumors, the trend in correlation 
between fold change and literature score was higluy dependent 
on estrogen receptor status. Interestingly, there was a similar 
trend In correlation for ER positive tumors, but no ircnd in 
correlation for ER negative tumors. 
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Coxsackievirus Infections 
Obesity .in Diabetes 
Diabetic Ketoacidosis 
Glucose Intolerance 

Diabetes Mellltue, Non- Insulin-Dependent 
Diabetes Mellitus, Insulin -Dependent 
Pregnancy in Diabetics 
Diabetic Retinopathy 
Diabetic Angiopathies 
Diabetic Neuropathies 
Glycosuria 
Byperlnsullnlsm 
Kyperlnsullnemia 
Hypoglycemia 
Hyperglycemia 

Diabetes Mellitus. Experimental 
Diabetes Mellitus 
Diabetes , Gestational 
SftVrVaXfon 

Jaundice, Neonatal 
Brain Bdema 
Puljaonary Edema 
Nutrition Disorders - 
Kwashiorkor 
Critical Illnoes 
Burns 

Diabetic Nephropathies 
Albuminuria 
Xnsullnouo 

Figura 2. Global validation by clustering analysis. 2(A). The gene sels and the corresponding LPF values for 1000 diseases, each with 
at least 50 gene relationships, were used in an unsupervised clustering of the diseases based on the gene patterns associated with 
them. A sample of the data Is shown here. 2(B). One of the resulting clusters Is shown that corresponds to blood sugar states. Diabetes 
terms (above the line) and starvation states terms (under the line) clustered together. Within these groups, there Is also clustering of 
diabetic small vessel complications, altered serum chemistries, nutritional disorders, etc. (Supplemental Figure 1: http://hlpseq.med. 
harvard.edu/MedGeneypublicatlon/s_Figure l.html). 

disease unrelated to breast cancer. As expected, we did not 
observe an Increasing trend in correlation for hyperten- 
sion. 




Finally, to validate our findings, we computed similar cor- 
relations between the breast cancer expression data and 
LPF scores generated by MedCcne for hypertension, a 
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Microarray Fold Change (Cancer/Normal) 




Microarray Fold Change 



Figure 3. Relationship between literature score and functional data Tor breast cancer. 3A. The data from an expression analysis of 
samples for breast tumors and normal breast tissue were analyzed to Indicate the fold difference of expression level between breast 
tumor and normal sample (cutoff > 3-fold change). The fold changes were plotted against the literature score for the same gene set. 
Green dots represent first-degree association by gene search, blue dots represent first-degree association by family search and red 
dots represent no association. Some well-studied genes, such as BRCA2 (pink circle), are not reflected by a substantial difference In 
expression level. Furthermore, the majority of genes that have no association with breast cancer in the literature had less than 10-fold 
expression changes (shaded area). 3B. The Spearman rank-correlation coefficients between literature score (LPF) and the fold change 
of expression level between tumor and normal breast samples (y^axis) in relation to the amount of fold change of expression level 
(x-axis). Gene rank lists were generated for breast cancer (blue) and hypertension (pink). Correlations were also computed between 
the breast cancer gene LPF scores and fold change expression data among estrogen receptor positive tumors only (light blue) and 
estrogen receptor negative tumors only (purple). 
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breast neoplasms 


hypertension 


rheumatoid arthritis 


bipolar disorder 


ULUuUXiuUdU 


estrogen receptor 


REN 


RA 


ERDAI 


apoHpoproteln 


PGR 


DBP 


TNFRSF10A 


SNAP29 


APOE 


ERBB2 


LEP 


CRP 


PFKL 


LDLR 


BRCAI 


ACT 


AS 


DRD2 


ELN 


BRCA2 


INS 


ESRI 


TRH 


ARC! 


ECFR 


kallikrein 


HLA-DRBt 


1MPA2 


APOB 


CYP19 


ACE 


DRI 


HTR3A 


APOAI 


TFFI 


endoihclin 


interlcukJn 


DRD3 


MSRI 


PSEN2 


SI00A6 


TNF 


REM 


LPL 


TPS3 


BOX 


IL6 


XCNN3 


PONI 










plasminogen 


CES3 


DIANPH 


collagen 


0RD4 


activator inhibitor 


CEACAMS 


SARI 


ILIA 


HTR2C 


PLG 










vascular cell 


ERBB3 


PIH 


ACR 


RELN 


adhesion molecule 


cydin 


CDS9 


TNFRSFI2 


DBH 


ATOHi 


COXSA 


ALB 


IL2 


MAOA 


VWF 


cathepsin 


CYP1IB2 


CHI3LI 


com 


INS 


ERBB4 


MAT2B 


IL8 


HTR2A 


ARC2 


TRAM 


angiotensin 
receptor 


interleukin I 


SYNJI 


ABCAi 




matrix 






CCNDI 


AGTR2 


meiaJloprotelnase 


INPPI 


OUti 


ECF 


NPPA 


interferon 


NEDD4L 


collagen 


MUCI 


LVM 


CD63 


FRAI3C 


MCP 








transducer of 




insulin- like 


DBH 


114 


ERBB2 


lipoprotein 


BCL2 


NPY 


1LI7 


BAIAP3 


APQA2 










intercellular 


mucin 


POMC 


MMP3 


ATPIB3 


adhesion molecule 


FGF3 


ncuropcpUde 


SIL 


DRD5 


RAB27A 



" McdGcnc results for (he top 25 genes associated with breast neoplasms, hypertension, rheumatoid arthritis, bipolar disorder, and atherosclerosis, respectively, 
ranked by LFF scores. The hyperlink to all the papers codling the gene and the disease is available at Med Gene website (http://hipscq.mediiarriird.edu/ 
McdGcnc/). 



Discussion 

The Human Cenome Project heralded a new era in biological 
research where the emphasis on understanding specific path- 
ways has expanded to global studies of genomic organization 
and biological systems. High-throughput technologies can 
provide novel insight into comprehensive biological function 
but also introduces new challenges. The utility of these 
technologies Is limited to the ability to generate, analyze, and 
interpret large gene lists. MedCene, a relational database 
derived by mining the information In Medline, was created to 
address this need. MedCene users can query Tor a rank-ordered 
list of human gene-disease relationships (Table 2) for one or 
more diseases. Each entry Is hyper linked to the original papers 
supporting each association and to other relevant databases. 

MedCene Is an innovative extension of previous text mining 
approaches. Perez-Iratxcta el al. used the CO annotation and 
their chromosomal locations to predict genes that may con- 
tribute to inherited disorders.' MedCene takes a broader view 
and includes alt diseases and all possible gene-dlscase relation- 
ships. Furthermore. MedCene utilizes co-citation to Indicate a 
relationship rather than CO annotation, which Is limited to the 
subset of genes that have CO annotation. Our approach is 
complementary to that taken by Chaussabct and Sher. wl>o 
used the frequency of co-cited terms to cluster genes into a 
hierarchy of gene-gene relationships. 6 

A unique aspect of this tool is the ability to assess the relative 
strengths of gene- disease relationships based on the frequency 
of both co-citation and single citation. This presupposes that 
most co- citations describe a positive association, often referred 
to as publication bias" and is supported by our observations 



dial negative associations are rare (Supplemental Table 3: 
htlp;//Wpseqjned.liarvard.edu/MedGene/pubiicalion/s - Ta- 
ble Xhtml). Of course, relationships established by frequency 
of co-diction do not necessarily represent a true biological link: 
however, it is strong evidence to support a true relationship. 

Another Important feature of MedCene is the implementa- 
tion of software filters that substantially reduced the error rate. 
We estimate that less than 10% of all associations were missed 
and at least 70% of even the weakest associations were real. 
For this study, all of the niters that we applied were general 
ones. e g., expanding the list of all gene names to address the 
different syntax forms used by different journals, eliminating 
gene names that correspond to common English words, etc. 
The majority of the remaining search term ambiguities were 
idiosyncratic and difficult to identify systematically without 
causing a significant rise In false negatives. Alternative ap- 
proaches, such as the examination of the nearest neighbor 
terms, need to be considered to further reduce the false positive 
rate. 

It is not uncommon to see expression changes In micro- 
array experiments as small as 2-fold reported in the literature. 
Even when these expression changes are statistically significant. 
It is not always dear if they are biologically meaningful. When 
comparing expression levels of disease to normal tissue, one 
expects an enrichment of known disease -re la led genes to 
appear in the altered expression group. MedCene provided a 
unique opportunity to test this notion in the context of existing 
knowledge on a novel breast cancer micro-array dataset. For 
genes displaying a 5-fold change or less in tumors compared 
to normal, there was no evidence of a correlation between 
altered gene expression and a known role in the disease. This 
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Table 3. Genes with Urge Expression Changes in ER- but 
Not in ER+ Breast Tumors 



gene symbol 


fold change (ER+) 


fold change (ER- 


KKTHBi 


I-U 


cm a 

vlVJS 


BRS3 


12 


SKI A 


DKKI 


\2 


ro ft 


Z1CI 


1.9 


59.0 


TLR1 


l.Q 


to e 
38.5 


KIAA0680 


2.6 


33.2 


CDKN3 


1.0 


30.6 


EB12 


4.0 


27.9 


CZMB 


3.8 


21.9 


STK18 


4.7 


18.6 


GPR49 


1.0 


14*6 


MYOW 


1.6 


14.4 


LAD J 


-1.0 


13.5 


POLE2 


4.2 


13.0 


HMG4 


4.4 


12.9 


BCL2LI1 


— 1.2 


12-3 


LRP8 


23 


12,2 


CCNB2 


1.0 


11.8 


CCNE2 


A ft 


11 ft 

1 I.O 


FGB 


-A3 


U.I 


KNSL6 


2.9 


10.9 


H1FS 


3.0 


10.2 


SERPJNH2 


4.6 


10.2 


YAP1 


1.0 


10.0 


LPHB 


-1.3 


-10.4 


TCEA2 


-1.1 


-10.8 


TFFJ 


1.3 


-11.4 


COL17AJ 


-4.1 


-15.7 


POP5 


I.I 


-16.2 


BPAC1 


-4.6 


-22.3 


PDZKl 


-1.1 


-36.8 


VECFC 


-2.8 


-51.5 


MUC6 


-1.4 


-64.9 


SEKP1NA5 


-1.0 


-83.1 


MEISl 


-1.6 


-85J) 


CA12 


2.4 


-150.3 



Table 3. MedCene Identified a set of relatively understudied, yet highly 
expressed genes in ER negative, but not ER positive breast tumors. All of 
these genes have cither never been co-tiled with breast cancer or hare a ' 
weak association except those marked wjth an *. 



reflects the many genes whose role in breast cancer may not 
involve large changes In expression in sporadic tumors (e.g., 
BRCA1 and BRCA2) and genes whose modest changes In 
expression may be unrelated to the disease. Strikingly, among 
genes with a 10-fold change or more in expression level, there 
was a strong and significant correlation between expression 
level and a published role in the disease, providing the first 
global validation of the micro -array approach to Identifying 
disease-specific genes. 

Tlte results derived from MedCcne have two implications. 
First a careful hunt for corroborating evidence of a role in 
breast cancer should precede any further study of genes with 
less than 5- fold expression level changes. Second, any genes 
with 10-fold changes or more are likely to be related to breast 
cancer and warrant attention. H is likely that this threshold will 
change depending on the disease as well as the experiment 

Interestingly, the observed correlation was only found among 
ER-posillve tumors, not ER-negativc. This may reflect a bias 
in the literature to study the more prevalent type of tumor in 
the population. Furthermore, this emphasizes that caution 
must be taken when interpreting experiments that may contain 
sub populations that behave very differently. The McdCenc 
approach Identified a set of relatively understudied, yet highly 
expressed genes in ER- negative tumors dial arc worthy of 
further examination (Table 3). 



In conclusion, we have developed an automated method of 
summarizing and organizing the vast biomedical literature. To 
our knowledge, the resulting database Is the most comprehen- 
sive and accurate of its kind. By generating a score that reflects 
the strength of the association, it provides an important tool 
for the rapid and flexible analysis of large dalasets from various 
high -throughput screening experiments. Furthermore, It can 
be used For selecting subsets of genes for functional studies, 
for building disease-specific arrays, for looking at genes com* 
mon to multiple diseases and various other high- throughput 
applications. In the future, it will be possible to enhance the 
utility of the MedGene database by building links between 
genes and other MeSH terms as well as other biological 
processes and concepts, such as cell division and responses to 
small molecules. 
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Communicated by Michael Potter, February 10. 1986 

ABSTRACT The consistent cytogenetic translocation of 
chronic myelogenous leukemia (the Philadelphia chromosome, 
Ph 1 ) has been observed In cells of multiple hematopoietic 
lineages. This translocation creates a chimeric gene composed 
of breakpolnt-duster-region (bcr) sequences from chromosome 
22 fused to a portion of the abl oncogene on chromosome 9. The 
resulting gene product (P2iO e " ,N ) resembles the transforming 
protein of the Abelson murine leukemia virus in Its structure 
and tyrosine kinase activity. P210 c * bl Is expressed In Ph 1 - 
positlve cell lines of myeloid lineage and in clinical specimens 
with myeloid predominance. We show here that Epsteuv-Barr 
virus-transformed B-lymphocyte lines that retain Ph 1 can 
express P210 c - W . The level of expression in these B-cell lines is 
generally lower and more variable than thai observed for 
myeloid lines. Protein expression Is not related to amplification 
of the abl gene but to variation in the level of bcr-abl mRNA 
produced from a single Ph 1 template. 



Chronic myelogenous leukemia (CML) is a disease of the 
pluripotent stem cell (1). In greater than 95% of patients, the 
leukemic cells contain the cytogenetic marker known as the 
Philadelphia chromosome, or Ph 1 (2). This reciprocal 
translocation event between the long arms of chromosomes 
9 and 22 has been used as a disease-specific marker for 
diagnosis and evaluation of therapy. Multiple hematopoietic 
lineages, including myeloid and B-lymphoid, contain Ph 1 in 
early or chronic phase, as well as in the more acute accel- 
erated and blast crisis phases of the disease. 

One molecular consequence of Ph 1 is the translocation of 
the chromosomal arm containing the c-abl gene on chromo- 
some 9 into the middle of the breakpoint-cluster region (bcr) 
$ene on chromosome 22 (3-6). Although the precise 
translocation breakpoints are variable, an RNA-splicing 
mechanism generates a very similar 8-kilobasc (kb) mRNA in 
each case (5-9). The hybrid bcr-abl message encodes a 
structurally altered form of the abl oncogene product, called 
P210 caW (10-13), with an arnino-terminal segment derived 
from a portion of the exons of bcr on chromosome 22 and a 
carboxyl-terminal segment derived from a major portion of 
the exons of the c-abl gene on chromosome 9. The chimeric 
structure of bcr-abl and the resulting P210 C J,W is similar to the 
structure of the Abelson murine leukemia virus gag-abl 
genome and resulting P160 vabl transforming gene product. 
Both proteins have very similar tyrosine kinase activities (10, 
II, 14) which can be distinguished by their relative stability 
to denaturing detergents and by their ATP requirements from 
the recently described tyrosine kinase activity of the c-abl 
gene product (15). 
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In concert with structural modification of the amino- 
terminal ponton of the abl gene, increased level of expression 
has been implicated in activation of c-abl oncogenic poten- 
tial: Myeloid and erythroid cell lines and clinical samples 
derived from acute-phase CML patients contain about 10- 
fold higher levels of the 8-kb bcr-abl mRNA and P2 10 c -* w than 
the c-abl mRNA forms (6 and 7 kb) and P145 c abI gene product 
(5, 8, 9, 11). The higher level of expression of the chimeric 
bcr-abl message in acute-phase cells is not likely to be solely 
due to the presence of the bcr promoter sequences at the 5' 
end of the gene, since the normal 4.5-kb and 6.7-kb bcr- 
encoded mRNA species are expressed at an even lower level 
than the normal c-abl messages (5,6). 

We have analyzed a series of Epstein-Ban virus-immor- 
talized B-lymphoid cell lines derived from CMLpauenis (16). 
With such in vitro clonal cell lines, we can evaluate whether 
the presence of Ph 1 always results in synthesis of the chimeric 
bcr-abl message and protein, and whether the quantitative 
expression varies for cells of B-lymphoid lineage as com- 
pared to previously examined myeloid cell lines. Our results 
show that cell lines that retain Ph 1 do express bcr-abl message 
and protein, but that the level is generally lower and more 
variable than previously seen for myeloid cell lines. The 
demonstration that the Ph* chromosomal template can vary 
in its level of expression of P210 c " ttW suggests that secondary 
mechanisms, beyond the translocation itself, contribute to 
the regulation of the bcr-abl gene in different cell types or 
subclones that derive from the aflected stem cell. 

MATERIALS AND METHODS 

Cells and Cell Labclings. Epstein-Barr virus-transformed 
B-lymphoid cell lines were established from peripheral blood 
samples of chronic- and acute-phase CML patients as report- 
ed (16). The cell lines are designated according to patient 
number, karyotype, and lineage. For example, SK- 
CML7Bt<9,22)-33 refers to CML patient 7, B-lymphoid cell 
line, 9;22 translocation (Ph 1 ), cell line 33; and SK-CML7BN- 
2 refers to B-cell line 2 with a normal karyotype derived from 
the same paiicnt. Repeat karyotype analysis was performed 
to verify the retention of Ph 1 just prior to analysis tor abl 
protein and RNA. Cells were maintained in RPMI 1640 
medium with 20% fetal bovine serum. We have not observed 
any consistent pattern of in vitro growth rate that correlates 
to the stage of disease at the time of transformation with 
Epstein-Barr virus. Cells (1.5 x 10 7 ) were washed twice with 
Dulbecco's modified Eagle's medium lacking phosphate and 



Abbreviations: bcr, breakpoint-cluster region; CML. chronic 
myelogenous leukemia; kb. kilobasc(s). 
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supplemented with 5% dialyzed fetal bovine serum. Cells 
were then resuspended in 2 ml of the minimal medium. 
Labeling was started with the addition of l M PJorthophos- 
phate (1 mCi/ml; ICN; 1 Ci = 37 OBq) and continued at 37°C 
for 3-4 hr. 

Immunopredpltatlon and Iramunoblottlng. Immunoprecip- 
itations were carried out as described (10). Cells (1.5 x JO 7 ) 
were washed with phosphate-buffered saline and extracted 
with 3-5 ml of phosphate lysis buffer (1% Triton X-100/0. 1 
NaDodSO 4 /0.59& deoxycholate/10 mM NajHPO,, pH 7.5/ 
100 mM NaCI) with 5 mM EDTA and 5 mM phenylmethyl- 
sulfonyl fluoride. Extracts were clarified by centrifugation 
and precipitated with norma) or rabbit anti-abl sera (anti- 
pEX-2 or anti-pEX-5) (17). The precipitated proteins were 
electrophoresed in a NaDodS0 4 /8% polyacry! amide gel. 
32 P-labeled proteins were detected by autoradiography. 
Alternatively, abl proteins were detected by immunoblotting. 
Extracts from unlabeled cells were clarified, and proteins 
were concentrated by immunoprecipilation with rabbit anti- 
sera against cW-encoded proteins (anti-pEX-2 and anti-pEX- 
5 combined (17)) and then fractionated in 8% acrylamide gels. 
The proteins were transferred from the gel to nitrocellulose 
filters, using protease-facilitated transfer (18). The abl- 
encoded proteins were detected using murine monoclonal 
antibodies as a probe and peroxidase-conjugated goat anti- 
mouse second stage antibody (Bio-Rad) for development. 
Rabbit antisera and mouse monoclonal antibodies to abl 
proteins were prepared using bacterially expressed regions of 
the v-flW protein as immunogens (17, 19). Anti-pEX-2 anti- 
bodies react with the internal tyrosine kinase domain and 
anti-pEX-5 antibodies react with the carboxyl-terminal seg- 
ment of the abl proteins. 

RNA Analysis. RNA was extracted from 10 8 cells by the 
NaDodSCVurea/phenoI method (20). Polyadenylylated 
RNA was purified by oligo(dT) affinity chromatography. 
Samples were electrophoresed in a \% agarose/formalde- 
hyde gel and transferred to nitrocellulose, abl RNA species 
were detected by hybridization with a nick-translated v-abl 
fragment probe (21). 

DNA 'Analysis. DNA was prepared from 5 x 10 7 cells of 
each cell line and processed for Southern blots with a v-abl 
probe as described (21). 

RESULTS 

Variable Levels of P210 c - N Are Detected in Ph'-Positive Cell 
Lines. Ph'-positive and Ph^negative, Epsiein-Barr virus- 
transformed B-lymphocytc cell lines derived from the same 
patient were examined for P210 c '* w synthesis by immuno- 
precipiiation of ["PJorthophosphate-labeled cell extracts 
with anti-abl sera (Fig. 1). The normal c-ab? protein P145 cabl 
was detected at a similar level in multiple Pl^-positive and 
Ph ! -negative cell lines. P210 caW was only delected in the 
Ph l -positive cell lines because the bcr-abl chimeric gene 
which encodes P210 c - ,,b, resides on the Ph l (4, 5,11, 13). The 
level of P210 c,bl was about 4- to 5-fold higher than the level 
of pi45«-w in the SK-CML7BI-33 cell line (Fig. M, + ). The 
Prepositive erythroid -progenitor cell line K562 (C) showed 
a level of P210 cabt about 10-fold higher than P145 c - aW . 
However, the level of P210 c ** bl was about one-fifth that of 
P145 clW inthePh I -positiveSK-CML10Bt-l cell line (Fig. 15, 
+ ). Comparison of different autoradiographic exposures 
roughly indicated that the level of P210 cabl varies over a 
20-fold range between these Ph 1 -positive B-cell lines. Anal- 
ysis of four additional Ph^posiiivc B-cell lines demonstrated 
that the level of P210 c "* w fell into two general classes; some 
cell lines had a level of P210 o4bl similar to SK.-CML7BI-33 
and others had the low level similar to SK-CML16Bt-l (Table 
1). This differs from previous studies with Ph'-posttive 
myeloid cell lines and patient samples derived from acute- 
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Flo. J. Detection of variable levels of P210 C » N in Ph'-positive 
B-cetl lines. Production of P145 tiu and P210 c - M in Epstein-Barr 
virusrtransformed B-cell lines derived from a blast-crisis (A) and a 
chronic-phase (B) CML patient was examined by metabolic labeling 
with [ w P)orlhophosphate and immunoprecipitation. Ph^negative 
(-) and Ph'-posttive (+) cell lines derived from each patient were 
analysed. The Ph'-negative cell line in A is SK-CML7BN-2 and in 
B- is SK-CML16BN-1. The Prepositive cell line in AA is 
SK-CMUBt-33 and in B,+ is SK-CML16Bt:i. The K562 cell line, a 
Ph'-positive erythroid progenitor cell line spontaneously derived 
from a blast-crisis patient (33), is represented in C. Cells (1.5 > 10 7 ) 
were metabolically labeled with 2 mCi of [ M PJorthophosphate for 3-4 
hrand then were exuacted and clarified by centrifugation. Samples 
were immunoprecipitated with control normal serum (lanes 1), 
anti-pEX-2 (lanes 2), or anti-pEX-5 (lanes 3) and analyzed by 
NaDodSO«/8% PAGE followed by autoradiography with an inten- 
sifying screen (3 days for A and C, 10 days for B). 

phase CML patients, in which P210 cab ' was delected at a 
10-fold higher level than P145 c aW (refs. 10 and 11; Tabic 1). 
There was no large difference in Jevel of chimeric mRNA and 
P2\(F' M expressed in four myeloid/erythroid-lineage Pre- 
positive cell lines (K562, EM2, EM3, CML22, and BV173; 
refs. 9 and 11), despite a 4- to 5-fold amplification of 
aM-related sequences in the K562 cell line. 

Detection of different levels of P210 Mbl in Fig. 1 could be 
due to decreased phosphorylation of P210 c ~ abl , a lower level 
of P210 c * w synthesis, or altered stability of the protein. To 
help distinguish among these possibilities, the steady-state 
level of P210 c abl in the cell lines was assayed by immuno- 
blotting. The results show that SK-CML7Bt,33 (Fig. 2A. +) 
had a higher level of P210 cabr than P145, similar to the results 
with metabolic labeling (Fig. 1). We did not detect P210 c '" bl 
by immunoblotting with 2 x 10 7 cells of line SK-CML8Bt-3 
(Fig. 2B, +). Reconstruction experiments using dilutions of 
cell extracts showed that we could detect about 5-10% the 
level of P210 c * bl expressed in the K562 cell line (data not 
shown). We infer that the steady-stale level of P210 eabl in 
SK-CML8BI-3 is lower than the level in SK-CML7Bt-33 by 
a factor of at least 10. The level of P210 cabl detected in these 
assays correlated with the amount of P210 c abl tyrosine kinase 
activity that could be detected in vitro (data not shown). 

Different Levels of P210 C *" M Arc Reflected In the Amount of 
Stable bcr-abl mRNA. To identify the basis for detection of 
variable levels of P210 cab \ we examined the producu'on of 
the abl RNA. RNA blot hybridiiation analysis using ;i \ -abl 
probe (Fig. 3) showed that the normal 6- and 7-kb c-a6/ 
mRNAs were present at a similar level in Ph^posiiive and 
-negative cell lines derived from different patients. However, 
the 8-kb mRNA that encodes P210"" b, was delected at a 
10-fold higher level in SK-CML7Bt-33 (Fig. 3A, +) than in 
SK-CML16BI-1 (5, -f ). which correlated with the relative 
level of P210 cs,hl delected in each cell line. Analysis of 
additional cell lines demonstrated that the level of 8-kt> RNA 
directly correlated with the level of P210 cabl (Table 1). The 
variation in level of 8-kb RNA detected in these cell tines was 
not due to loss or gain of Ph 1 . because cytogenetic analysis 
confirmed the presence of Ph 1 in these cell lines kef. 16 and 
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Table t. Relative levels of bcr-abl expression in Epstein-Ban 
vtrus-immortalized B-celi lines and m yeloid CML lines 



A 

- + 



B 

- + 



C 
+ 



Cell line* 


CML chase t 


Ph 1 * 


P210* 


mRNA^ 


SK-CML7BN-2 


BC 








SK-CML8BN-10 


Chronic 








SK-CML8BN-12 


Chronic 








SK-CML16BN-1 


Chronic 








SK-CML35BN-1 


Chronic 








SK-CML7B5-33 


ac 


+ 


+ + + 


+ + + 


SK-CML21BM 


Acc 


+ 


+ + + 


+ + •* 


SK-CML21BI-6 


Acc 


+ 


+ + + 


' + + + 


SK-CML8Bt-3 


Chronic 


+ 


+ 




SK-CML16BM 


Chronic 


+ 


+ 


+ 


SK-CML35BI-2 


Chronic 


+ 


+ 


+ 


K562 


BC 


+ 
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•Cell lines derived from CML patients by transformation with 
Epstein-Barr virus as described (16). Names of cell lines indicate 
patient number and Ph 1 status: SK-CML7BI indicates a cell line 
derived from patient 7 that carries the 9;22 Ph 1 translocation; N 
indicates a normal karyotype. Myeloid-erythroid cell lines (K562, 
EM2, and BV173) are described in previous publications (9, 11, 22, 
33). 

'Status of patient at the time cell line was derived. BC, blast crisis; 
Acc, accelerated phase. 

^Presence (+) or absence (-) of Ph 1 as demonstrated by karyotypic 
or Southern bio! analysis. 

*P210 c<bl detected as described in legend to Fig. 1. B-cell lines 
derived from blast-crisis and accelerated- phase patients had levels 
of P210 3- to 5-fold higher (+ + + ) than levels of P145. Chronic- 
phase-derived cell lines had P210 levels lower than or just equivalent 
(+) to the level of P145. Myeloid and crythroid lines had levels of 
P210 5- to 10-fold higher than P145 (+ + +++). 

*Eighi-kUobase bcrobt mRNA detected as described in legend to 
Fig. 2. Symbols: ±, borderline detectable; + + + + + , level of 8-kb 
mRNA 5- to 10-fold higher than that of the 6- and 7-kb c-aMmRNA 
species; + + + , level of 8-kb mRNA 3- to 5-fold higher than that of 
the 6- and 7-kb species; + , a level approximately equivalent to.lhat 
of the 6- and 7-kb messages. 

data not shown). There was no difference in the copy number 
of flW-rclated sequences as judged by Southern blot analysis 
(Fig. 4). Only the K562 cell line controi showed an amplifi- 
cation of abl sequences, as previously reported (22, 23). 
These combined data suggest that differential fccr-ao/mRNA 
expression from a single gene template is responsible for the 
. variable levels of P210 c a ^ detected. This could be mediated 
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— P145 



Fig. 2. Analysis of steady-state abl protein levels by immuno- 
'blotting. Cell extracts prepared from 2 x 10 T cells of lines SK- 
CML7BN-2 M,-). SK-CML7Bt-33 04. + ), SK-CML8BN-10 (£,-), 
and SK-CML8Bt-3 (£, + ) were concentrated by immunoprecip- 
itation w ith anti-pEX-2 plus anti-pEX-5. Samples were then electro 
phoresed in a NaDodSO«/8% polyacrylamide gel and transferred to 
nitrocellulose, using protease-facilitaled transfer (18). abl proteins 
were detected using a mixture of two monoclonal antibodies directed 
against the pEX-2 and pEX-5 aW-protein fragments produced in 
bacteria 09) as a probe and a peroxidase-conjugated goal anti-mouse 
second-stage antibody (Bio-Rad) for development. 
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Flo. 3. Comparison of abl RNA levels in Propositi vc and 
•negative B-cell lines. The levels of the normal 6- and 7-kb c-abl 
RNAs and the 8-kb bcr-abl RNA were analyzed by blot hybridization 
using a v-abt probe. RNA was extracted from Ph 1 - negative lines 
SK-CML7BN-2 (A and SK-CML16BN-1 (0,-), from Prepos- 
itive lines SK-CML6BI-33 04.+) and SK-CML16Bt-3 (*,+), and 
from line K562 (C,+) by the NaDodSO«/urea/phenol method (20). 
Polyadenylylated RNA was purified by oh*go(dT) affinity chroma- 
tography, and 15 /*g of each sample was electrophoresed in a 1% 
agarose /formaldehyde gel and then transferred to nitrocellulose The 
blotted RNAs were hybridized with a nick- translated v-oW fragment 
probe (21) and then autoradiographed for 4 days. 

by factors influencing the transcription rate of the bcr-abl 
gene or the stability of the mRNA. 

DISCUSSION 

Several lines of evidence suggest that formation of Ph 1 is not 
the primary event that affects the stem cell in CML. Patients 
have been identified that present with the clinical picture of 
CML but only later develop Ph 1 (1). This observation, 
coupled with studies of G6PD (glucose-6-phosphate d-shy- 
drogenase)-heterozygous females with CML that demon- 
strate stem-cell clonality by isozyme analysis among cell 





Fig. 4. Southern blot analysis of abl sequences in Ph'-rositive 
and -negative B-cell lines. High molecular weight DNA (15 ^g) was 
digested with restriction endonuclease BamHl, separated in a 0.8% 
agarose gel. and then transferred to nitrocellulose. The blotted DNA 
fragments were hybridized with a nick-translated, 2.4-kbfi£i 11 v-abl 
fragment (1.5 * 10' cpm/jxg; ref. 21) and exposed for 4 days. (A) 
Autoradiogram of abl- specific fragments in cell lines HL-60 (:ane 1), 
EM2 (lane 2), K562 (lane 3), SK-CML7Bi-33 (lane 4), SK-CMLRBt-3 
(lane -5). SK-CML16BM (lane 6). SK-CML2IBt-6 (lane SK 
CML35Bt2 (lane 8). SK-CML7BN-2 (lane 9), SK-CML8BN 2 lane 
10), and SK-CML35BN-1 (lane 11). (B) Ethidium bromide sta ning of 
agarose gel prior to transfer to nitrocellulose, showing the level of 
variation in amount of DNA loaded per lane. 
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populations that lack the Ph 1 marker, supports a secondary 
or complementary role for Ph 1 in the progression of the 
disease (24 t 25). This chromosome marker is found in 
chronic, accelerated, and blast-crisis phases of the disease. It 
is likely that Ph 1 confers some growth advantage, since cells 
with the marker chromosome eventually predominate the 
marrow and peripheral blood even in chronic phase. During 
the phase of blast crisis, many patients develop additional 
chromosome abnormalities, including duplication of Ph 1 , a 
variety of trisomies, and complex translocations (26). This 
is suggestive evidence for Ph 1 being a necessary but not 
sufficient genetic change for the full evolution of the 
disease. 

The realization that one molecular result of Ph 1 is the 
generation of a chimeric bcr-abl protein with functional 
characteristics and structure analogous to the gag-abl trans- 
forming protein of the Abelson murine leukemia virus 
strengthens the argument for an important role of Ph 1 in the 
pathogenesis of CML. Although the Abelson virus is gener- 
ally considered a rapidly transforming retrovirus, its effects 
can range from overcoming growth factor requirements, to 
cellular lethality, to induction of highly oncogenic tumors in 
a number of hematopoietic cell lineages (27, 28). Even in the 
transformation of murine cell targets, there are several lines 
of evidence that suggest that the growth-promoting activity of 
the v-cM gene product is complemented by further cellular 
changes in the production of the malignant-cell phenotype 
(29-31). 

The regulation of bcr-abl gene expression is complex 
because the 5' end of the gene is derived from the non-cM 
sequences, bcr, normally found on chromosome 22 (6). The 
level of stable message for the normal bcr gene and the 
normal abl gene are both much lower than the level of the 
bcr-abl message and protein from cell lines arid clinical 
specimens derived from myeloid blast-crisis patients (5, 6 r 
11). Therefore, the high level of bcr-abl expression cannot 
simply be attributed to the regulatory sequences associated 
with bcr. Possibly, creation of the chimeric gene disrupts the 
normal regulatory sequences and results in a higher level of 
expression. Variation in bcr-abl expression may result from 
secondary changes in the structure of the chimeric gene or 
function of /raw-acting factors that occur during evolution of 
the disease. Our analysis of P210 cab ' and the 8-kb mRNA in 
Epstein-Barr virus-transformed Prepositive B-cell lines 
demonstrates that stable message and protein levels from the 
bcr-abl gene can vary over a wide range. This variation does 
not result from a change in the number of bcr-abl templates 
secondary to gene amplification but more likely from changes 
in either transcription rate or mRNA stability. We suspect 
this range of bcr-abl expression is not limited to lymphoid 
cells. Analysis of peripheral blood leukocytes derived from 
an unusual CML patient who has been in chronic phase with 
myeloid predominance for 16 years showed a level of 
P210 c abl one-fifth that of P145 cabJ , as detected by metabolic 
labeling with ( 32 PJorthophosphate and immunoprecipitation 
(S.C., O.N.W., and P. Greenberg, unpublished observa- 
tions). Lower levels of expression of the chimeric mRNA 
have been demonstrated in clinical samples from chronic- 
phase CML patients compared to acute-phase CML patients 
(9). Others have reported chronic-phase patients with vari- 
able but, in some cases, relatively high levels or the bcr-abl 
mRNA (32). The sampling variation and the heterogenous 
mixture of cell types in clinical samples complicate such 
analyses. Further work is needed to evaluate whether there 
is a defined change in P210 e - M expression during the pro- 
gression of CML. It is interesting to note that among the 
limited sample of Ph l -positive B-cell lines we have examined 
(Table 1). we have seen higher levels of P210 c aM in those 
derived from palic - at more advanced stages of the disease. 



It will be important to search for cell-type-specific mecha- 
nisms that might regulate expression of bcr-abl from Ph 1 . 
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1 Introduction 

A proteome has been defined as Ihe protein complement 
expressed by the genome of an organism, or, in multicel- 
lular organisms, as the protein complement expressed by a 
tissue or differentiated cell [1). In the most common im- 
plementation of proteome analysis the proteins extracted 
from the cell or tissue analyzed are separated by high 
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Proteome analysis: Biological assay or data archive? 

In this review we examine the current state of proteome analysis. TJiere are 
Sree main issues discussed: why it is necessary to study proteomes; how pro- 
eomeTcan be analyzed with current technology; and how proteome analysis 
can be used to enhance biological research. We conclude that proteome ana - 
ysis is an essential tool in the understanding of regulated biological sys ems 
Current technology, while still mostly limited to the more abundant proteins, 
enables the use of proteome analysis both to establish databases of- proteins 
present, and to perform biological assays involving measurement of multiple 
variables We believe that the utility of proteome analysis in future biologica 
research wilt continue to be enhanced by further improvements in analytical 
technology. 

resolution two-dimensional gel electrophoresis (2-DE), 
detected in the gel and identified by their ammo acid 
sequence. The ease, sensitivity and speed with which gel- 
separated proteins can be identified by the use of recently 
developed mass spectrometry techniques have dramati- 
cally increased the interest in proteome technology. One 
of the most attractive features of such analyses is that com- 
plex biological systems can potentially be studied in their 
entirety, rather than as a multitude of individual compo- 
nents. This makes it far easier to uncover the many com- 
plex, and often obscure, relationships between mature 
gene products in cells. Large-scale proteome characteriza- 
tion projects have been undertaken for a number of dif- 
ferent organisms and cell types. Microbial proteome pro- 
jects currently in progress include, for example: Saccharo- 
myces cerevisiae [2], Salmonella enterica [3], Spiroplasma 
melliferum [4], Mycobacterium tuberculosis [5] Ochrobac- 
irum anthropi [6], Haemophilus influenzae [7], Synecho- 
cystis spp. |8J, Escherichia coli [9], Rhizobium legummo- 
sarum [10], and Dictyostelium discoideum 1 1 II- Proteome 
projects underway for tissues of more complex organ- 
isms include those for: human bladder squamous cell 
carcinomas [121 human liver [13], human plasma [13), 
human keratinocytes [121, human fibroblasts [12], mouse 
kidney [12], and rat serum [14]. In this manuscript we cri- 
tically assess the concept of proteome analysis and the 
technical feasibility of establishing complete proteome 
maps, and discuss ways in which proteome analysis and 
biological research intersect. 



2 Rationale for proteome analysis 

The dramatic growth in both the number of genome 
projects and the speed with which genome sequences 
are being determined has generated huge amounts ol 
sequence information, for some species even complete 
genomic sequences (115-17)). The description of the 
state of a biological system by the quantitative measure- 
ment of system components has long been a primary 
objective in molecular biology. With recent technical 
advances including the development of differential dis- 
play-PCR (18), cDNA microarray and DNA chip techno- 
logy 1 19 20| and serial analysis of gene expression 
(SAGE) [21, 221, it »s now feasible to establish global and 
quantitative' mRNA expression maps of cells and tissues, 
in which the sequence of all the genes is known, at a 
speed and sensitivity which is not matched by current 
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protein analysis technology. Given the long-standing 
paradigm in biology that DNA synthesizes RNA which 
synthesizes protein, and the ability to rapidly establish 
global, quantitative mRNA expression maps, the ques- 
tions which arise are why technically complex proteome 
projects should be undertaken and what specific types of 
information could be expected from proteome projects 
which cannot be obtained from genomic and transcript 
profiling projects. We see three main reasons for pro- 
teome analysis to become an essential component in the 
comprehensive analysis of biological systems, (i) Protein 
expression levels are not predictable from the mRNA 
expression levels, (ii) proteins are dynamically modified 
and processed in ways which are not necessarily 
apparent from the gene sequence, and (iii) proteomes 
are dynamic and reflect the state of a biological system. 

2.1 Correlation between mRNA and protein expression 
levels 

Interpretations of quantitative mRNA expression profiles 
frequently implicitly or explicitly assume that for specific 
genes the transcript levels are indicative of the levels of 
protein expression. As part of an ongoing study in our 
laboratory, we have determined the correlation of expres- 
sion at the mRNA and protein levels for a population of 
selected genes in the yeast Saccharomyces cerevisiae 
growing at mid-log phase (S. P. Gygi et aL, submitted for 
publication). mRNA expression levels were calculated 
from published SAGE frequency tables [22]. Protein 
expression levels were quantified by metabolic radiola- 
beling of the yeast proteins, liquid scintillation counting 
of the protein spots separated by high resolution 2-DE 
and mass spectrometric identification of the protein(s) 
migrating to each spot. The selected 80 samples consti- 
tute a relatively homogeneous group with respect to pre- 
dicted half-life and expression level of the protein pro- 
ducts. Thus far, we have found a general trend but no 
strong correlation between protein and transcript levels 
(Fig. 1). For some genes studied equivalent mRNA trans- 
cript levels translated into protein abundances which 
varied by more than 50-fold. Similarly, equivalent steady- 
state protein expression levels were maintained by trans- 
cript levels varying by as much as 40-fold (S. P. Gygi 
et al. y submitted). These results suggests that even for a 
population of genes predicted to be relatively homoge- 
neous with respect to protein half-life and gene expres- 
sion, the protein levels cannot be accurately predicted 
from the level of the corresponding mRNA transcript. 

2.2 Proteins are dynamically modified and processed 

In the mature, biologically active form many proteins are 
post-translationally modified by glycosylation, phosphor- 
ylation, prenylation, acylalion, ubiquitination or one or 
more of many other modifications [23] and many pro- 
teins are only functional if specifically associated or com- 
plexed with other molecules, including DNA, RNA, pro- 
teins and organic and inorganic cofactors. Frequently, 
modifications are dynamic and reversible and may alter 
the precise three-dimensional structure and the state of 
activity of a protein. Collectively, the stale of modifica- 
tion <>f the proteins which constitute a biological system 
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Figure I. Correlation between mRNA and protein levels in yeast cells. 
For a selected population or 80 genes, protein levels were measured 
by ,s -S-radiolabeling and mRNA levels were calculated from publi- 
shed SAGE tables. Inset: expanded view of the low abundance region. 
For more experimental details, also see Figs. 5 and 6, (S. P. Gygi et a/., 
submitted). 



are important indicators for the state of the system. The 
type of. protein modification and the sites modified at a 
specific cellular state can usually not be determined 
from the gene sequence alone. 

23 Proteomes are dynamic and reflect the slate of a 
biological system 

A single genome can give rise to many qualitatively and 
quantitatively different proteomes. Specific stages of the 
cell cycle and states of differentiation, responses to 
growth and nutrient conditions, temperature and stress, 
and pathological conditions represent cellular states 
which are characterized by significantly different pro- 
teomes. The proteome, in principle, also reflects events 
that are under translational and post-transtational con- 
trol. It is therefore expected that proteomics will be able 
to provide the most precise and detailed molecular des- 
cription of the state of a cell or tissue, provided that the 
external conditions defining the state are carefully deter- 
mined. In answer to the question of whether the study 
of proteomes is necessary for the analysis of biornolec- 
ular systems, it is evident that the analysis of mature pro- 
tein products in cells is essential as there are numerous 
levels of control of protein synthesis, degradation, 
processing and modification, which are only apparent by 
direct protein analysis. 



3 Description and assessment of current proteome 
analysis technology 

3.1 Technical requirements of proteome technology 

In biological systems the level of expression as well as 
the stales of modification, processing and macro-molec- 
ular association of proteins are controlled and modu- 
lated depending on the state of the system. Comprehen- 
sive analysis of the identity, quantity and state of modifi- 
cation of proteins therefore requires the detection and 
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quantitation of the proteins which constitute the system, 
and analysis of differentially processed forms. There are 
a number of inherent difficulties in protein analysis 
which complicate these tasks. First, proteins cannot be 
amplified. It is possible to produce large amounts of a 
particular protein by over-expression in specific cell sys- 
tems. However, since many proteins are dynamically 
post-translationally modified, they cannot be easily am- 
plified in the form in which they finally function in the 
biological system. It is frequently difficult to purify from 
the native source sufficient amounts of a protein for 
analysis. From a technological point of view this trans- 
lates into the need for high sensitivity analytical tech- 
niques. Second, many proteins are modified and pro- 
cessed post-translatipnally. Therefore, in addition to the 
protein identity, the structural basis for differentially 
modified isoforms also needs to be determined. The dis- 
tribution of a constant amount of protein over several 
differentially modified isoforms further reduces the 
amount of each species available for analysis. The com- 
plexity and dynamics of post-translational protein edit- 
ing thus significantly complicates proteome studies. 
Third, proteins vary dramatically with respect to their 
solubility in commonly used solvents. There are few, if 
any, solvent conditions in which all proteins are soluble 
and which are also compatible with protein analysis. This 
makes the development of protein purification methods 
particularly difficult since both protein purification and 
solubility have to be achieved under the same condi- 
tions. Detergents, in particular sodium dodecyl sulfate 
(SDS), are frequently added to aqueous solvents to 
maintain protein solubility. The compatibility with SDS 
is a big advantage of SDS polyacrylamide gel electro- 
phoresis (SDS-PAGE) over other protein separation 
techniques. Thus, SDS-PAGE and two-dimensional gel 
electrophoresis, which also uses SDS and other deter- 
gents, are the most general and preferred methods for 
the purification of small amounts of proteins, provided 
that activity does not necessarily need to be maintained. 
Lastly, the number of proteins in a given cell system is 
typically in the thousands. Any attempt to identify and 
categorize all of these must use methods which are as 
rapid as possible to allow completion of the project 
within a reasonable time frame. Therefore, a successful, 
general proteomics technology requires high sensitivity, 
high throughput, the ability to differentiate differentially 
modified proteins, and the ability to quantitatively dis- 
play and analyze ail the proteins present in a sample. 

3.2 2-D electrophoresis — mass spectrometry: a common 
implementation of proteome analysis 

The most common currently used implementation of 
proteome analysis technology is based on the separation 
of proteins by two-dimensional (IEF/SDS-PAGE) gel 
electrophoresis and their subsequent identification and 
analysis by mass spectrometry (MS) or tandem mass 
spectrometry (MS /MS). In 2-DE, proteins are first separ- 
ated by isoelectric focusing (IEF) and then by SDS- 
iVVGE, in the second, perpendicular dimension. Separ- 
ated proteins are visualized at high sensitivity by staining 
or autoradiography, producing two-dimensional arrays of 
proteins. 2-DE gels are, at present, the most commonly 
used means of global display of proteins in complex 
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samples. The separation of thousands of proteins has 
been achieved in a single gel [24, 25) and differentially 
modified proteins are frequently separated. Due to the 
compatibility of 2-DE with high concentrations of deter- 
gents, protein denaturants and other additives promoting 
protein solubility, the technique is widely used. 

The second step of this type of proteome analysis is the 
identification and analysis of separated proteins. Individ- 
ual proteins from polyacrylamide gels have traditionally 
been identified using /V-terminal sequencing [26, 27), 
internal peptide sequencing [28, 29), immunoblotting or 
comigration with known proteins [30J. The recent dra- 
matic growth of large-scale genomic and expressed 
sequence tag (EST) sequence databases has resulted in a 
fundamental change in the way proteins are identified by 
their amino acid sequence. Rather than by the traditional 
methods described above, protein sequences are now fre- 
quently determined by correlating mass spectral or 
tandem mass spectral data of peptides derived from pro- 
teins, with the information contained in sequence data- 
bases [31-33}. 

There are a number of alternative approaches to pro- 
teome analysis currently under development. There is 
considerable interest in developing a proteome analysis 
stragegy which bypasses 2-DE altogether, because it is 
considered a relatively slow and tedious process, and 
because of perceived difficulties in extracting proteins 
from the gel matrix for analysis. However, 2-DE as a 
starting point for proteome analysis has many advan- 
tages compared to other techniques available today. The 
most significant strengths of the 2-DE-MS approach 
include the relatively uniform behavior of proteins in 
gels, the ability to quantify spots and the high resolution 
and simultaneous display of hundreds to thousands of 
proteins within a reasonable time frame. 

A schematic diagram of a typical procedure of the identi- 
fication of gel-separated proteins is shown in Fig. 2. Pro- 
tein spots detected in the gel are enzymatically or chemi- 
cally fragmented and the peptide fragments are isolated 
for analysis, as already indicated, most frequently by MS 
or MS/MS. There are numerous protocols for the gener- 
ation of peptide fragments from gel-separated proteins. 
They can be grouped into two categories, digestion in 
the gel slice [28, 34] or digestion after electrotransfer out 
of the gel onto a suitable membrane ([29, 35-37] and 
reviewed in [38]). In most instances either technique is 
applicable and yields good results. The analysis of MS or 
MS/MS data is an important step in the whole process 
because MS instruments can generate an enormous 
amount of information which cannot easily be managed 
manually. Recently, a number of groups have developed 
software systems dedicated to the use of peptide MS 
and MS/MS spectra for the identification of proteins. 
Proteins are identified by correlating the information 
contained in the MS spectra of protein digests or 
MS/MS spectra of individual peptides with data con- 
tained in DNA or protein sequence databases. 

The systems we are currently using in our laboratory are 
based on the separation of the peptides contained in pro- 
tein digests by narrow bote or capillary liquid chromatog- 
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Fixurt 2- Schematic diagram of a procedure for identification of gel- 
separaled proteins. Peptides can either be separated by a technique 
such as LC or CE, or infused as a mixture and sorted in the MS. Data- 
base searching can either be performed ion peptide masses from an 
MS spectrum, peptide fragment masses from CID spectra of peptides, 
or a combination of both. 



raphy (39, 40] or capillary electrophoresis [41], the anal- 
ysis of the separated peptides by eiectrospray ioniza- 
tion (ESI) MS/MS, and the correlation of the generated 
peptide spectra with sequence databases using the 
SEQUEST program developed at the University of Wash- 
ington [32, 33], The system automatically performs the 
following operations: a particular peptide ion character- 
ized by its mass-to-charge ratio is selected in the MS out 
of all the peptide ions present in the system at a parti- 
cular time; the selected peptide ion is collided in a colli- 
sion cell with argon (collision-induced dissociation, 
CID) and the masses of the resulting fragment ions are 
determined in the second sector of the tandem MS; this 
experimentally determined CID spectrum is then corre- 
lated with the CID spectra predicted from all the pep- 
tides in a sequence database which have essentially the 
same mass as the peptide selected for CID; this correla- 
tion matches the isolated peptide with a sequence seg- 
ment in a database and thus identifies the protein from 
which the peptide was derived. There are a number of 
alternative programs which use peptide CID spectra for 
protein identification, but we use the SEQUEST system 
because it is currently the most highly automated pro- 
gram and has proven to be successful, versatile and 
robust. 



required. As an approximate guideline, for samples con- 
taining tens of picomoles of peptides, LC-MS/MS is 
most appropriate; for samples containing low picomole 
amounts to high femtomoie amounts we use capillary 
LC-MS/MS; and for samples containing femtomoles or 
less, CE-MS/MS is the method of choice. 

3.3.1 LC-MS/MS 

The coupling of an MS to an HPLC system using a 
0.5 mm diameter or bigger reverse phase (RP) column 
has been described in detail [42]. This system has several 
advantages if a large number of samples are to be ana- 
lyzed and all are available in sufficient quantity. The 
LC-MS and database searching program can be run in a 
fully automated mode using an autosampler, thus maxi- 
mizing sample throughput and minimizing the need for 
operator interference. The relatively large column is 
tolerant of high levels of impurities from either gel prep- 
aration or sample matrix. Lastly, if configured with a 
flow-splitter and micro-sprayer [40], analyses can be per- 
formed on a small fraction of the sample (less than 5%) 
while the remainder of the sample is recovered in very 
pure solvents. This latter feature is particularly useful 
when an orthogonal technique is also used to analyze 
peptide fractions, such as scintillation of an introduced 
radiolabel, and this data can be correlated with peptides 
identified by CID spectra. 

3.3.2 Capillary LC-MS 

An increase of sensitivity of approximately tenfold can be 
achieved by using a capillary LC system with a 100 urn ID 
column rather than a 0.5 mm ID column as referred to 
above. Since very low flow rates are required for such 
columns, most reports have used a precolumn flow split- 
ting system for producing solvent gradients. We have 
recently desribed the design and construction of a novel 
gradient mixing system which enables the formation 
of reproducible gradients at very low flow rates (low 
nL/min) without the need for flow splitting (A. Ducret 
et al., submitted for publication). Using this capillary 
LC-MS/MS system we were able to identify gel-separat- 
ed proteins if low picomole to high femtomoie amounts 
were loaded onto the gel (40]. This system is as yet not 
automated and, like all capillary LC systems, is prone to 
blockage of the columns by microparticulates when ana- 
lyzing gel-separated proteins. 



3.3 Protein identification by LC-MS/MS, capillary 
LC-MS/MS and CE-MS/MS 

li has been demonstrated repeatedly that MS has a very 
high intrinsic sensitivity. For the rouline analysis of gel- 
separated proteins at high sensitivity, the most signif- 
icant challenge is the handling of small amounts of 
sample. The crux of the problem is the extraction and 
Iransfcral ol peptide mixtures generated by the digestion 
of low nanogram amounts of protein, from gels into the 
MS/MS system without significant loss of sample or 
introduction of unwanted contaminants. We employ 
three different systems for introducing gel- purified sam- 
ples into an MS, depending on the level of sensitivity 



3.3.3 CE-MS/MS 

The highest level of sensitivity for analyzing gel-sep- 
arated proteins can be achieved by using capillary elec- 
trophoresis — mass spectrometry (CE-MS). We have de- 
scribed in the past a solid-phase extraction capillary elec- 
trophoresis (SPE-CE) system which was used with triple 
quadrupole and ion trap ES1-MS/MS systems for the 
identification of proteins at the low femtomoie to sub- 
femtomole sensitivity level (43, 44|. While this system is 
highly sensitive, its operation is labor-intensive and its 
operation has not been automated. In order to devise an 
analytical system with both the sensitivity of a CE and 
the level of automation of LC, we have constructed 
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Figure 3. Schematic illustration of a 
microfabricated analytical system for CE, 
consisting of a micromachined device, 
coated capillary elect roosmotic pump, 
and microelectrospray interface. The 
dimensions of the channels and reservoir 
are as indicated in the text. The channels 
on the device were graphically enhanced 
to make them more visible. Reproduced 
from (45), with permission. 



microfabricated devices for the introduction of samples 
into ESI-MS for high-sensitivity peptide analysis. 

The basic device is a piece of glass into which channels 
of 10-30 urn in depth and 50-70 urn in diameter are 
etched by using photolithography/etching techniques 
similar to the ones used in the semiconductor industry. 
(A simple device is shown in Fig. 3). The channels are 
connected to an external high voltage power supply [451- 
Samples are manipulated on the device and off the 
device to the MS by applying different potentials to the 
reservoirs. This creates a solvent flow by etectroosmotic 
pumping which can be redirected by changing the posi- 
tion of the electrode. Therefore, without the need for 
valves or gates and without any external pumping, the 
flow can be redirected by simply switching the position 
of the electrodes on the device. The direction and rate of 
the flow can be modulated by the size and the polarity 
of the electric field applied and also by the charge state 
of the surface. 

The type of data generated by the system is illustrated in 
Fig. 4, which shows the mass spectrum of a peptide sample 
representing the tryptic digest of carbonic anhydrase at 
290 fmol/uL. Each numbered peak indicates a peptide suc- 
cessfully identified as being derived from carbonic an- 



hydrase. Some of the unassigned signals may be chemical 
or peptide contaminants. The MS is programmed to auto- 
matically select each peak and subject the peptide to CID. 
The resulting CID spectra are then used to identify the 
protein by correlation with sequence databases. Therefore, 
this system allows us to concurrently apply a number of 
protein digests onto the device, to sequentially mobilize 
the samples, to automatically generate CID spectra of 
selected peptide ions and to search sequence databases 
for protein identification. These steps are performed auto- 
matically without the need for user input and proteins can - 
be identified at very low femtomole level sensitivity at a 
rate of approximately one protein per 15 min. 

3.4 Assessment of 2-DE-MS proteome technology 

Using a combination of the analytical techniques de- 
scribed above we have identified the 80 protein spots 
indicated in Fig. 5. The protein pattern was generated by 
separating a total of 40 microgram of protein contained 
in a total cell lysate of the yeast strain YPH499 by high 
resolution 2-DE and silver staining of the separated pro- 
teins. To estimate how far this type of proteome analysis 
can penetrate towards the identification of low abun- 
dance proteins, we have calculated the codon bias of the 
genes encoding the respective proteins. Codon bias is a 
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Figure 4. MS spectrum of a tryptic digest 
of carbonic anhydrase using the microfa- 
bricated system shown in Fig. 3. 290 
fmol/uL of carbonic anhydrase tryptic 
digest was infused into a Finnigan I..CQ 
ion trap MS. Each peak was selected fot 
CID, and those which were identified as 
containing peptides derived from car- 
bonic anhydrase arc numbered. Repro- 
duced from |45|, with permission. 
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Figure 5. 2-DE separation of a lysate of yeasl cells, with identified proteins highlighted. The first dimension of separation was an IPG from 
pH 3-10, and the second dimension was a 10%T SDS-PAGE gel. Proteins were visualized by silver staining. Further details of experimental 
procedures are included in S. P. Gygi ei al. (submitted). 
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calculated measure of the degree of redundancy of trip- 
let DNA codons used to produce each amino acid in a 
particular gene sequence. It has been shown to be a 
useful indicator of the level of the protein product of a 
particular gene sequence present in a cell [46). The gen- 
eral rule which applies is that the higher the value of the 
corion bias calculated for a gene, the more abundant the 
protein product of that gene becomes. The calculated 
codon bias values corresponding to the proteins identi- 
fied in Fig. 5 are shown in Fig. 6b. Nearly all of the pro- 
teins identified (> 95%) have codon bias values of > 0.2 r 
indicating they arc highly abundant in cells. In contrast, 
codon bias values calculated for the entire yeast genome 
(Fig. 6a) show that the majority of proteins present in 
the proteome have a corion bias of < 0.2 and are thus of 
low abundance. 

This finding is of considerable importance in our assess- 
ment of the current status of proteome analysis technol- 
ogy. It is clear thai even using highly sensitive analytical 
techniques, we are only able to visualize and identify the 



more abundant proteins. Since many important regula- 
tory proteins are present only at low abundance, these 
would not be amenable to analysis using such tech- 
niques. This situation would be exacerbated in the anal- 
ysis of proteomes containing many more proteins than 
the approximately 6000 gene products present in yeast 
cells [16). In the analysis of, for example, the proteome 
of any human cells, there are potentially 50000-100 000 
gene products [47). Inherent limitations on the amount 
of protein that can be loaded on 2-DE, and the number 
of components that can be resolved, indicate that only 
the most highly abundant fraction of the many gene 
products could be successfully analyzed. One approach 
that has been employed to circumvent these limitations 
is the use of very narrow range immobilized pH gradient 
strips for the first-dimension separation of 2-DE [48], 
Since only those proteins which focus within the narrow 
range will enter the second dimension of separation, a 
much higher sample loading within the desired range is 
possible. This, in turn, can lead to the visualization and 
identification of less abundant proteins. 
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figure 6. Calculated codon bias values for yeasl proieins. (A) Distribu- 
tion of calculated values for the entire yeast proteome. (B) Distribu- 
tion of calculated values for the subset of 80 identified proteins also 
shown in Figs. I and 5. Further details of experimental procedures are 
included in S. P. Gygi ei at. (submitted). 



4 Utility of proteome analysis for biological 
research 

For the success of proteomics as a mainstream approach 
to the analysis of biological systems it is essentia! to 
define how proteome analysis and biological research 
projects intersect. Without a clear plan for the implemen- 
tation of proteome-type approaches into biological re- 
search projects the full impact of the technology can not 
be realized. The literature indicates that proteome anal- 
ysis is used both as a database/data archive, and as a bio- 
logical assay or biological research tool. 

4.1 The proteome as a database 

The use of proteomics as a database or data archive 
essentially entails an attempt to identify all the proteins 
in a cell or species and to annotate each protein with the 
known biological information that is relevant for each 
protein. The level of annotation can, of course, be exten- 
sive. The most common implementation of this idea is 
the separalion of proteins by high resolution 2-DE, the 
identification of each detected protein spot and the 
annotation of the protein spots in a 2-DE gel database 
format. This approach is complicated by the fact that it is 
difficult to precisely define a proteome and to decide 
which proteome should be represented in the database. 
In contrast to the genome of a species, which is essen- 
tially static, the proteome is highly dynamic. Processes 
such as differentiation, cell activation and disease can all 
significantly change the proteome of a species. Tilts is 
illustrated in Kig. 7. The figure shows two high-resolu- 



tion 2-DE maps of proteins isolated from rat serum. 
Fig. 7A is from the serum of normal rats, while Fig. 7B 
is from the serum of rats in acute-phase serum after 
prior treatment with an inflammation-causing agent (49). 
It is obvious that the protein patterns are significantly 
different in several areas, raising the question of exactly 
which proteome is being described. 

Therefore, a comprehensive proteome database of a spe- 
cies or cell type needs to contain all of the parameters 
which describe the state and the type of the cells from 
which the proteins were extracted as well as the software 
tools to search the database with queries which reflect 
the dynamics of biological systems. A comprehensive 
proteome database should be capable of quantitatively 
describing the fate of each protein if specific systems 
and pathways are activated in the cell. Specifically, the 
quantity, the degree of modification, the subcellular loca- 
tion and the nature of molecules specifically interacting 
with a protein as well as the rate of change of these 
variables should be described. Using these admittedly 
stringent criteria, there is currently no comlete proteome 
database. A number of such databases are, however, in 
the process of being constructed. The most advanced 
among them, in our opinion, are the yeast protein data- 
base YPD [50] (accessible at http://www.ypd.com) and 
the human 2D-PAGE databases of the Danish Centre 
for Human Genome Research [12] (accessible at http:// 
biobase.dk/cgi-bin/celis). While neither can be con- 
sidered complete as not all of the potential gene pro- 
ducts are identified, both contain extensive annotation 
of supplemental information for many of the spots 
which are positively identified in reference samples. 

4.2 The proteome as a biological assay 

The use of proteome analysis as a biological assay or 
research tool represents an alternative approach to inte- 
grating biology with proteomics. To investigate the state 
of a system, samples are subjected to a specific proceess 
that allows the quantitative or qualitative measurement 
of some of the variables which describe the system. In 
typical biochemical assays one variable (e.g., enzyme 
activity) of a single component {e.g., a particular en- 
zyme) is measured. Using proteomics as an assay, mul- 
tiple variables (e.g., expression level, rate of synthesis, 
phosphorylation state, etc.) are measured concurrently 
on many (ideally all) of the proteins in a sample. The 
use of proteomics as an assay is a less far-reaching prop- 
osition than the construction of a comprehensive pro- 
teome database. It does, however, represent a pragmatic 
approach which can be adapted to investigate specific 
systems and pathways, as long as the interpretation of 
the results takes into account that with current technol- 
ogy not all of the variables which describe the system 
can be observed (see Section 3.4). 

A common implementation of proteome analysis as a 
biological assay is when a 2-DE protein pattern gener- 
ated from the analysis of an experimental sample is 
compared to an array of reference patterns representing 
different states of (he system under investigation. The 
slate of the experimental system at the time the sample 
was generated is therefore determined by the quantita- 
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live comparative analysis of hundreds to a few thousand 
proteins. Comparative analysis of the 2-DE patterns fur- 
ihermore highlights quantitative and qualitative differ- 
ences in the protein profiles which correlate with the 
state of the system. For this type of analysis it is not 
essential that all the proteins are identified or even visu- 
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alized, although the results become more informative as 
more proteins are compared. It is obvious, however, that 
the possibility to identify any protein deemed character- 
istic for a particular state dramatically enhances this 
approach by opening up new avenues for experimenta- 
tion. 




figure ?. High resolution 2 Dl: map of proteins isolated from eat scium with or without prior exposure to an inflam- 
mation-causing agent. (A) normal rat serum, (B) acute-phase scrum from rats which had previously been exposed to 
an inflammation-causing agent. The first dimension of separation is an IPG liom pH 4-10. and the second dimen- 
w»n is a 7.< |7 «vr gradient SDS-I'AGE gel. Proteins were visualized by staining wiih amido blaclc Further details 
°f cxpei internal procedures are included in |J4, 49}. 
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Proteome analysis as a biological assay has been success- 
fully used in the field of toxicology, to characterize 
disease states or to study differential activation of cells. 
The approach is limited, of course, by the fact that only 
the visible protein spots are included in the assay, and it 
is well known that a substantial but far from complete 
fraction of cellular proteins are detected if a total cell 
lysate is separated by 2-DE. Proteins may not be 
detected in 2-DE gels because they are not abundant 
enough to be visualized by the detection method used, 
because they do not migrate within the boundaries (size, 
pi) resolved by the gel, because they are not soluble 
under the conditions used, or for other reasons. 

A different way to use proteome analysis as a biological 
assay to define the state of a biological system is to take 
advantage of the wealth of information contained in 
2-DE protein patterns. 2-DE is referred to as two-dimen- 
sional because of the electrophoretic mobility and the 
isoelectric points which define the position of each pro- 
tein in a 2-DE pattern. In addition to the two dimen- 
sions used to generate the protein patterns, a number of 
additional data dimensions are contained in the protein 
patterns. Some of these dimensions such as protein 
expression level, phosphorylation state, subcellular loca- 
tion, association with other proteins, rate of synthesis or 
degradation indicate the activity state of a protein or a 
biological system. Comparative analysis of 2-DE protein 
patterns representing different states is therefore ideally 
suited for the detection, identification and analysis of 
suitable markers. Once again it must be emphasized that 
in this type of experiment only a fraction of the cellular 
proteins is analyzed. Since many regulatory proteins are 
of low abundance, this limitation is a concern, particu- 
larly in cases in which regulatory pathways are being 
investigated. 

5 Concluding remarks 

In this report we have addressed three main issues 
related to proteome analysis. First, we have discussed 
the rationale for studying proteomes. Second, we have 
assessed the technical feasibility of analyzing proteomes 
and described current proteome technology, and third, 
we have analyzed the utility of proteome analysis for bio- 
logical research. It is apparent that proteome analysis is 
an essential tool in the analysis of biological systems. 
The multi-level control of protein synthesis and degrada- 
tion in cells means that only the direct analysis of 
mature protein products can reveal their correct identi- 
ties, their relevant state of modification and/or associa- 
tion and their amounts. Recently developed methods 
have enabled the identification of proteins at ever- 
increasing sensitivity levels and at a high level of auto- 
mation of the analytical processes. A number of tech- 
nical challenges, however, remain. While it is currently 
possible to identify essentially any protein spots that can 
be visualized by common staining methods, it is ap- 
parent that without prior enrichment only a' relatively 
small and highly selected population of long-lived, 
highly expressed proteins is observed. There are many- 
mure proteins in a given cell which are not visualized by 
such methods. Frequently it is the low abundance pro- 
teins thai execute key regulatory functions. 



We have outlined the two principal ways proteome anal- 
ysis is currently being used to intersect with biological 
research projects: the proteome as a database or data 
archive and proteome analysis as a biological assay. Both 
approaches have in common that at present they are con- 
ceptually and technically limited. Current proteome data- 
bases typically are limited to one cell type and one state 
of a cell and therefore do not account for the dynamics 
of biological systems. The use of proteome analysis as a 
biological assay can provide a wealth of information, but 
it is limited to the proteins detected and is therefore not 
truly proteome-wide. These limitations in proteomics are 
to a large extent a reflection of the fact that proteins in 
their fully processed form cannot easily be amplified and 
are therefore difficult to isolate in amounts sufficient for 
analysis or experimentation. The fact that to date no 
complete proteome has been described further attests to 
these difficulties. With continued rapid progress in pro- 
tein analysis technology, however, we anticipate that the 
goal of complete proteome analysis will eventually 
become attainable. 
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FROM DNA TO RNA 

Transcription and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary. But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities of others (Figure 6-3). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the expression of each of its 
genes according to the needs of the moment — most obviously by controlling 
the production of its RNA. 

Portions of DNA Sequence Are Transcribed into RNA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nucleotide sequence — a gene — into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA— 
the language of a nucleotide sequence. Hence the name transcription. 

Like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from 
DNA chemically in two* respects: (1) the nucleotides in RNA are 
ribonucleotides — that is, they contain the sugar ribose (hence the name ribonu- 
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U). It is not uncommon, however, to find other types of base 
pairs in RNA: for example, G pairing with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
matically in overall structure. Whereas DNA always occurs in cells as a double- 
stranded helix, RNA is single- stranded. RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide chain folds up to form the final shape of 
a protein (Figure 6-6) . As we see later in this chapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 
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Transcription Produces RNA Complementary to 
One Strand of DNA 

All of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain similarities to the process of DNA replication discussed in Chapter 5. 
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Figure Protein aggregates that cause human disease. (A) Schematic illustration of the type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual 
because the misfolded version of the protein, called PrP*, induces the nbrmat PrP protein it contacts- to 
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by 
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is 
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a [J sheet form between polypeptide backbone atoms (see Figure 
3—9), a number of different abnormally folded proteins can produce this structure. (D) One of several 
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four 
p-strands. Although the structure of the normal protein has been determined accurately, the structure of the 
infectious form is not yet known with certainty because the aggregation has prevented the use of standard 
structural techniques. (C, courtesy of Louise Serpelf, adapted from M. Sunde et al. JL Mol Biol 273:729-739. 
1997; D, adapted from S.B. Prusiner, Trends Biochem. Sd 21:482-^487, 1996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred 
to as the "mad cow disease") from cattle to humans in Great Britain. 

Fortunately in the absence of PrP*, PrP is extraordinarily difficult to convert 
to its abnormal form. Although very few proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious "protein-only inheritance* observed 
in yeast cells. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a properly folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss in Chapter 7 that cells have the ability to change the levels of 
their proteins according to their needs. In principle, any or all of the steps in Fig- 
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Figure 6-90 The production of a 
protein by a eucaryotic celLThe final 
level of each protein in a eucaryotic ceQ 
depends upon the efficiency of each step 
depicted. 
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ure 6-90) could be regulated by the cell for each individual protein. However, as 
we shall see in Chapter 7, the initiation of transcription is the most common 
point for a cell to regulate the expression of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being expressed is to 
block the very first step — the transcription of its DNA sequence into an RNA 
molecule. 

Summary 

The translation of the nucleotide sequence of an mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The 
amino acids used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair interactions, par- 
ticularsets of three nucleotides in the mRNA (codons). The sequence of nucleotides in 
the mRNA is then read from one end to the other in sets of three according to the 
genetic code. 

To initiate translation, a small ribosomal subunit binds to the mRNA molecule 
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synthesis. During this phase, aminoacyl tRNAs — each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by forming 
complementary base pairs with the tRNA anticodon. Each amino acid is added to the 
C-terminal end of the growing polypeptide by means of a cycle of three sequential 
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Figure 7-5 Six steps at which 
eucaryotic gene expression can be 
controlled. Controls "that operate at 
steps I through 5 arc discussed in this 
chapter. Step 6, the regulation of protein 
activity, includes reversible activation or 
inactivation by protein phosphorylation 
(discussed in Chapter 3) as well as 
irreversible inactivation by proteolytic 
degradation (discussed in Chapter 6). 
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Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 

If differences among the various cell types of an organism depend on the partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in the last chapter, there are many steps in the pathway 
leading from DNA to protein, and all of them can in principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling when and how often a 
given gene is transcribed (transcriptional control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processing control), (3) 
selecting which completed mRNAs in the cell nucleus are exported to the cytosol 
and determining where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting which mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivating, degrading, or compartmentalizing specific protein 
molecules after they have been made (protein activity control) (Figure 7-5). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme- 
diates. In the following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 



Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and RNA molecules. A cell typically expresses only a 
fraction of its genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals 
from other cells. Although all of the steps involved in expressing a gene can in prin- 
m . *? ple be reguhted* for most genes the initiation of RNA transcription is the most 
M .important point of control 



I DNA-BINDING MOTIFS IN GENE REGULATORY 
% PROTEINS 

H How does a cell determine which of its thousands of genes to transcribe? As 
mentioned briefly in Chapters 4 and 6, the transcription of each gene is con- 
f trolled by a regulatory region of DNA relatively near the site where transcription 
I begins. Some regulatory regions are simple and act as switches that are thrown 
g^by a single signal. Many others are complex and act as tiny microprocessors, 
^responding to a variety of signals that they interpret and integrate to switch the 
^neighboring gene on or off. Whether complex or simple, these switching devices 
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of 
the DNA in vertebrate germ cells is inactive and highly methylated. Over long 
periods of evolutionary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deainination events 
that were not properly repaired. However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmethylated, and therefore spontaneous deaminations of Cs that occur with- 
in them can be accurately repaired. Such regions are preserved in modern day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected against, and some CG islands are simply the result of a higher than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ing genes in the DNA sequences of vertebrate genomes. 

Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to he transcribed in different cells, Since many 
specialized animal cells can maintain their unique character through many cell 
division cycles and even when grown in culture, the gene regulatory mechanisms 
involved in creating them must be stable once established and heritable when the 
cell divides. These features endow the cell with a memory of its developmental history. 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, each of which inhibits the synthesis of the 
other; this can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positive feedback loops, which enable 
gene regulatory proteins to perpetuate their own synthesis, provide a general mech- 
anism for cell memory. Negative feedback loops with programmed delays form the 
basis for cellular clocks. 

In eucaryotes the transcription of a gene is generally controlled by combinations 
of gene regulatory proteins. It is thought that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene regulatory proteins that ensures 
the expression of only those genes appropriate to that type of cell A given gene regu- 
latory protein may be active in a variety of circumstances and typically is involved 
in the regu lotion of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryotic cells to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene regulation, being used 
mainly as a device to reinforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underlies the phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whether it was inherited from the mother or the father. 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these posttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional control, for 
many genes they are crucial. 
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Figure 7-86 A mechanism to explain 
both the marked overall deficiency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A black fine marks the location 
of a CG dinucleotide in the DNA 
sequence, while a red "lollipop* indicates 
the presence of a methyl group on the 
CG dinucleotide. CG sequences that lie in 
regulatory sequences of genes that are 
transcribed in germ cells are unmethylated 
and therefore tend to be retained In 
evolution. Methylated CG sequences, on 
the ofher hand, tend to be lost through 
deamination of 5-methyl C toT, unless the 
CG sequence is critical for survival. 
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CHAPTER 29 



Regulation of transcription 



The phenotypic differences thai distinguish the 
va rious kinds of cells in a higher eukaryote are 
largely due to differences in the expression of 
reoes that code Tor proteins, thai is. those Iran- 
crribed by R\A polymerase II. In principle, the 
expression of these genes might be regulated at 
my one or several stages. The concept of the 
-level or controP implies lhal gene expression 
is not necessarily an automatic process once it 
has begun. It could be regulated in a gene- 
specific way ai any one <>r several sequential 
Steps. We can distinguish (at least) rive poten- 
tial control points, rorming the scries: 

Activation «r gene structure 
I 

Initiation ol' transcription 
X 

Processing the transcript 
I 

Transport, to cytoplasm 
i 

Translation or mKNA 

The existence of the first step is implied by 
the discovery thai genes may exist in either oV 
iwo structural conditions. Relative to the state 
or most or the genome, genes are found in 
»n "active" state in the cells in which they 
are expressed (see Chapter 27). The change of 
structure is distinct from the act or transcrip- 
lion, and indicates that the gene is "transcrib- 
able." This suggests that acquisition or the 
"active" structure must be the first step in gene 
expression. 

Transcription of a gene in the active state is 



controlled at the stage or initiation, that is, by 
the interaction or RNa polymerase with its pro- 
moter. This is now becoming susceptible to 
analysis in the in vitro systems (see Chapter 
28). For most genes, this is a major control 
point: probably it is the most common level of 
regulation. 

There is at present no evidence for control 
at subsequent stages or transcription in eukary- 
olic cells, for example, via antitermination 
mechanisms. 

The primary transcript is modified by capping 
at the 5' end. and usually also by polyadenyla- 
tion at the 3' end. Introns must be spliced out 
from the transcripts or interrupted genes. The 
mature UNA must he exported from. the nucleus 
to the cytoplasm, Regulation or gene expression 
by selection or sequences at Ihe levef of nuclear 
RXA mighl involve any or all of these stages, 
but the one mr which we have most evidence 
concerns changes in splicing: some genes are 
expressed by means or alternative splicing pat- 
terns whose regulation controls the type or pro- 
tein product (see Chapter 30). 

Finally, the translation ofnn mKNA in the cyto- 
plasm can he specifically controlled. There is little 
evidence for the employment or this mechanism in 
adult somatic cells, but it does occur in some 
embryonic situations, as described in "Chapter 7. 
The mechanism is presumed to involve the block- 
ing or initiation or translation or some mRNAs by 
specific protein raclors. 

But having acknowledged that control of gene 
expression can occur at multiple stages, and 
that production or RNA cannot inevitably be 
equaled with production or protein, it is clear 
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that the overwhelming majority of regulatory 
events occur at « the- initiation of transcription. 
Regulation of tissue-specific gene transcription 
lies at the heart of eukaryotic differentiation; 
indeed, we see examples in Chapter 38 in 
which proteins thai regulate embryonic devel- 
opment prove to be transcription factors. A reg- 
ulatory transcription factor serves to provide 



common control of a large number of target 
genes, and we seek to answer two questions 
about this mode of regulation: what identifies 
the common target genes to the transcription 
factor, and how is the activity of the transcrip- 
tion Factor itself regulated in response to intrin- 
sic or extrinsic signals? 



Response elements identify genes under common 
regulation 



The principle that emerges from characterizing 
groups of genes under common control is that 
they 0 share a pivmotcr element that is recognized 
by a regulator}- transcription factor. An element 
that causes a gene to* respond to such a factor 
is called a response element; examples are the 
HSE (heat shock response element), GRE 
(glucocorticoid response element), SRE (serum 
response element). 

The properties of some inducible transcription 
factors and the elements that they recognize are 
summarized in- Table 29.1. Response elements 
have the same general characteristics as 
upstream elements of promoters or enhancers. 
They contain short consensus sequences, and 
copies of the response elements found in dif- 
ferent genes are closely related, but not neces- 
sarily identical. The region bound by the factor 
extends for a short distance on either side of 



Tabte 29.1 Inducible' transcription factors bind to 
_response elements that identify groups o! promoters 
or enhancers subject to coordinate control. 



Regulatory Agent Module Consensus 



Factor 



Heat shock HSE CN NGAANNTCCNN6 HSTF 

Glucocorticoid GRE TGGTACAAATGTTCT Receptor 

Phorbol ester TRE TGACTCA API 

Sefum SRE CCATATTAGG SRF 



the consensus sequence. In promoters, the ele- 
ments are not present at fixed distances from 
the startpoint, but are usually <200 bp upstream 
of it. The presence of a single element usually 
is sufficient to confer the regulatory response, 
but sometimes there are multiple copies. 

Response elements may be located in P* 0 " 
moters or in enhancers. Some types of elements 
are typically found in one rather than the other 
usually an HSE is found in a promoter, while * 
GRE is found in an enhancer. We assume tM 
all response elements function by the san* 
general principle. A gene is regulated by a 
sequence at tlie promoter or enhancer thai * 
recognized by a specific protein. The pro** 1 * 
Junctions as a transcription factor needed J 1 
RKA polymerase to initiate. Active protein ^ 
available only under conditions when the 
to be expressed; its absence means thai the P** 
moter is not activated by this particular 

An example of a situation in which 



is 



genes are controlled by a single factor 
\ided by the heat shock response. This is - ^ 
man to a wide range of prokary° teS ^ 
eukaryotes and involves multiple contro Is 
gene expression: an increase in temp^ 1 " 3 ^ 
turns off transcription of some genes, lurflS al ,d 
transcription of the heal shock ^ip- 
causes changes in the translation of tn 
The control of the heat shock genes M nS * 
the differences between prokaryotic ^ 
eukaryotic modes of control. In. bacteria, ^ 
sigma factor is synthesized that directs r 
polymerase holoenzyme to recognize an 
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Abstract 

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-l/Ly-6 family of 
glycosyfphosphatidylinositol (GPI)-anchored cell surface antigens. The purpose of the present study was to 
examine the expression status of PSCA protein and mRNA In clinical specimens of human prostate cancer (Pea) 
and to validate it as a potential molecular target for diagnosis and treatment of Pea. 

Materials and Methods: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA 
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia 
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer (Pea) tissues, including 9 androgen- 
independent prostate cancers. The level of PSCA expression was semiquantitative^ scored by assessing both the 
percentage and intensity of PSCA-positive staining cells in the specimens. Then compared PSCA expression 
between BPH, PIN and Pea tissues and analysed the correlations of PSCA expression level with pathological grade, 
clinical stage and progression to androgen-independence in Pea. 

Results: In BPH and low grade PIN, PSCA protein and mRNA staining were weak or negative and less intense 
and uniform than that seen in HGP1N and Pea. There were moderate to strong PSCA protein and mRNA 
expression in 8 of 11 (72.7%) HGPIN and in 40 of 48 (83.4%) Pea specimens examined by IHC and ISH analyses, 
with statistical significance compared with BPH (20%) and low grade PIN (22.2%) samples (p < 0.05, respectively). 
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen- 
independence (p < 0.05, respectively). In addition. IHC and ISH staining showed a high degree of correlation 
between PSCA protein and mRNA overexpression. 

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of 
human Pea. PSCA expression correlates positively with adverse tumor characteristics, such as increasing 
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and 
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription 
of PSCA mRNA. PSCA may have prognostic utility and may be a promising molecular target for diagnosis and 
treatment of Pea. 
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Introduction 

Prostate cancer (Pea) is the second leading cause of can- 
cer-related death in American men and is becoming a 
common cancer increasing in China, Despite recently 
great progress in the diagnosis and management of local- 
ized disease, there continues to be a need for new diagnos- 
tic markers that can accurately discriminate between 
indolent and aggressive variants of Pea. There also contin- 
ues to be a need for the identification and characterization 
of potential new therapeutic targets on Pea cells. Current 
diagnostic and therapeutic modalities for recurrent and 
metastatic Pea have been limited by a lack of specific tar- 
get antigens of Pea. 

Although a number of prostate-specific genes have been 
identified (i.e. prostate specific antigen, prostatic acid 
phosphatase, glandular kallikrein 2), the majority of these 
are secreted proteins not ideally suited for many immuno- 
logical strategies. So, the identification of new cell surface 
antigens is critical to the development of new diagnostic 
and therapeutic approaches to the management of Pea, 

Reiter RE et al [1J reported the identification of prostate 
stem cell antigen (PSCA), a cell surface antigen that is pre- 
dominantly prostate specific. The PSCA gene encodes a 
123 amino acid glycoprotein, with 30% homology to 
stem cell antigen 2 (Sea 2). Like Sca-2, PSCA also belongs 
to a member of the Thy-l/Ly-6 family and is anchored by 
a glycosylphosphatidylinositol (GPI) linkage. mRNA in 
situ hybridization (ISH) localized PSCA expression in nor- 
mal prostate to the basal cell epithelium, the putative 
stem cell compartment of prostatic epithelium, suggesting 
that PSCA may be a marker of prostate stem/progenitor 
cells. 

In order to examine the status of PSCA protein and mRNA 
expression in human Pea and validate it as a potential 
diagnostic and therapeutic target for Pea, we used immu- 
nohistochemistry (IHC) and in siiu hybridization (ISH) 
simultaneously, and conducted PSCA protein and mRNA 
expression analyses in paraffin-embedded tissue speci- 
mens of benign prostatic hyperplasia (BPH, n = 20), pros- 
tate intraepithelial neoplasm (PIN, n = 20) and prostate 
cancer (Pea, n = 48). Furthermore, we evaluated the possi- 
ble correlation of PSCA expression level with Pea tumori- 
genesis, grade, stage and progression to androgen- 
independence. 

Materials and methods 
Tissue samples 

All of the clinical tissue specimens studied herein were 
obtained from 80 patients of 57-84 years old by prostate- 
ctomy, transurethral resection of prostate (TURP) or biop- 
sies. The patients were classified as 20 cases of BPH. 20 
cases of PIN, 40 cases of primary Pea, including 9 patients 



with recurrent Pea and a history of androgen ablation 
therapy (orchiectomy and/or hormonal therapy), who 
were referred to as androgen-independent prostate can- 
cers. Eight specimens were harvested from these andro- 
gen-independent Pea patients prior to androgen ablation 
treatment. Each tissue sample was cut into two parts, one 
was fixed in 10% formalin for IHC and the other treated 
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1% 
DEPC for 1 h for ISH analysis, and then embedded in par- 
affin. All paraffin blocks examined were then cut into 5 
um sections and mounted on the glass slides specific for 
IHC and ISH respectively in the usual fashion. H&E- 
stained section of each Pea was evaluated and assigned a 
Gleason score by the experienced urological pathologist at 
our institution based on the criteria of Gleason score (2). 
The Gleason sums are summarized in Table 1. Clinical 
staging was performed according to Jewett-whitmore- 
prout staging system, as shown in Table 2. In the category 
of PIN, we graded the specimens into two groups, i.e. low 
grade PIN (grade I - II) and high grade PIN (HGPIN, 
grade III) on the basis of literatures |3,4). 

Immunohistochemical (IHC) analysis 
Briefly, tissue sections were deparaffini2ed, dehydrated, 
and subjected to microwaving in .10 mmol/L citrate 
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven 
for 5 min to induce epitope retrieval. Slides were allowed 
to cool at room temperature for 30 min. A primary mouse 
antibody specific to human PSCA (Boshide, Wuhan, 
China) with a 1 : 1 00 dilution was applied to incubate with 
the slides at room temperature for 2 h. Labeling was 
detected by sequentially adding biotinylated secondary 
antibodies and strepavidin-peroxidase, and localized 
using 3,3'-diaminobenzidine reaction. Sections were then 
counterstained with hematoxylin. Substitution of the pri- 
mary antibody with phosphate-buffered-saline (PBS) 
served as a negative-staining control. 

mRNA in situ hybridization (ISH) 

Five-um-thick tissue sections were deparaffinized and 
dehydrated, then digested in pepsin solution (4 mg/ml in 
3% citric acid) for 20 min at 37.5 W C, and further proc- 
essed for ISH. Digoxigenin-labeled sense and antisense 
human PSCA RNA probes (obtained from Boshide, 
Wuhan, China) were hybridized to the sections at 48 °C 
overnight. The posihybridizauon wash with a high strin- 
gency was performed sequentially at 37 °C in 2 x standard 
saline citrate (SSC) for 10 min, in 0.5 x SSC for 15 min 
and in 0.2 x SSC for 30 min. The slides were then incu- 
bated to biotinylated mouse anii-digoxigenin antibody at 
37.5°C for 1 h followed by washing in 1 x PBS for 20 min 
at room temperature, and then to sirepavidin-peroxidase 
at 37.5°C for 20 min followed by washing in 1 x PBS for 
15 min at room temperature. Subsequently, the slides 
were developed with diaminobenzidine and then coun- 
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Intensity * frequency 



Gleason score 0-6 (%) 9 (%) 



2-4 5(83) I (1 7) 

5-7 19(79) 5(21) 

8-10 5 (28) 13(72) 



Table 2: Correlation of PSCA expression with dinicai stage 







Intensity * frequency 




Tumor stage 


0-6 <%) 




9(%) 


<B 


27 (67.5) 
2(25) 




13(32.5) 
6(75) 





terstained with hematoxylin to localize the hybridization 
signals. Sections hybridized with the sense control probes 
routinely did not show any specific hybridization signal 
above background. All slides were hybridized with PBS to 
substitute for the probes as a negative control. 

Scoring methods 

To determine the correlation between the results of PSCA 
immunostaining and mRNA in situ hybridization, the 
same scoring manners are taken in the present study for 
PSCA protein staining by IHC and PSCA mRNA staining 
by ISH. Each slide was read and scored by two independ- 
ently experienced urological pathologists using Olympus 
BX-41 light microscopes. The evaluation was done in a 
blinded fashion. For each section, five areas of similar 
grade were analyzed semiquaniitatively for the fraction of 
cells staining. Fifty percent of specimens were randomly 
chosen and rescored to determine the degree of interob- 
server and intraobserver concordance. There was greater 
than 95% intra- and interobserver agreement. 

The intensity of PSCA expression evaluated microscopi- 
cally was graded on a scale of 0 to 3+ with 3 being the 
highest expression observed (0, no staining; 1+, mildly 
intense; 2+, moderately intense; 3+, severely intense). The 
staining density was quantified as the percentage of cells 
staining positive for PSCA with the primary antibody or 
hybridization probe, as follows: 0 = no staining; 1 = posi- 
tive staining in <25% of the sample; 2 = positive staining 
in 25%-50% of the sample; 3 = positive staining in >50% 



of the sample. Intensity score (0 to 3+) was multiplied by 
the density score (0-3) to give an overall score of 0-9 
[1,5]. In this way, we were able to differentiate specimens 
that may have had focal areas of increased staining from 
those that had diffuse areas of increased staining [6). The 
overall score for each specimen was then categorically 
assigned to one of the following groups: 0 score, negative 
expression; 1-2 scores, weak expression; 3-6 scores, mod- 
erate expression; 9 score, strong expression. 

Statistical analysis 

Intensity and density of PSCA protein and mRNA expres- 
sion in BPH, PIN and Pea tissues were compared using the 
Chi-square and Student's t-test. Univariate associations 
between PSCA expression and Gleason score, clinical 
stage and progression to androgen-independence were 
calculated using Fisher's Exact Test. For all analyses, p < 
0.05 was considered statistically significant. 

Results 

PSCA expressfon in BPH 

In general, PSCA protein and mRNA were expressed 
weakly in individual samples of BPH. Some areas of 
prostate expressed weak levels (composite score 1-2), 
whereas other areas were completely negative (composite 
score 0). Four cases (20%) of BPH had moderate expres- 
sion of PSCA protein and mRNA (composite score 4-6) 
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA 
mRNA expression was moderate (composite score 3-6), 
but PSCA protein expression was weak (composite score 
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2) in one and negative (composite score 0) in the other. 
PSCA expression was localized to the basal and secretory 
epithelial cells, and prostatic stroma was almost negative 
staining for PSCA protein and mRNA in all cases 
examined. 

PSCA expression In PIN 

In this study, we detected weak or negative expression of 
PSCA protein and mRNA (£2 scores) in 7 of 9 (77.8%) 
low grade PIN and in 2 of 1 1 (18.2%) HGPIN, and mod- 
erate expression (3-6 scores) in the rest 2 low grade PJN 
and 5 of 1 1 (45.5%) HGPIN. One HGPIN with moderate 
PSCA mRNA expression (6 score) was found weak stain- 
ing for PSCA protein (2 score) by IHC. Strong PSCA pro- 
tein and mRNA expression (9 score) were detected in the 
remaining 3 of 11 (27.3%) HGPIN. There was a statisti- 
cally significant difference of PSCA protein and mRNA 
expression levels observed between HGPIN and BPH (p < 
0.05), but no statistical difference reached between low 
grade PIN and BPH (p > 0.05). 

PSCA expression in Pea 

In order to determine if PSCA protein and mRNA can be 
detected in prostate cancers and if PSCA expression levels 
are increased in malignant compared with benign glands, 
Forty-eight paraffin-embedded Pea specimens were ana- 
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%) 
Pea samples stained very strongly for PSCA protein and 
mRNA with a score of 9 and another 21 (43.8%) speci- 
mens displayed moderate staining with scores of 4-6 (Fig- 
ure 1). In addition, 4 specimens with moderate to strong 
PSCA mRNA expression (scores of 4-9) had weak protein 
staining (a score of 2) by IHC analyses. Overall, Pea 
expressed a significantly higher level of PSCA protein and 
mRNA than any other specimen category in this study (p 
< 0.05, compared with BPH and PIN respectively). The 
result demonstrates that PSCA protein and mRNA are 
overexpressed by a majority of human Pea. 

Correlation of PSCA expression with Gleason score in Pea 

Using the semi-quantitative scoring method as described 
in Materials and Methods, we compared the expression 
level of PSCA protein and mRNA with Gleason grade of 
Pea, as shown in Table 1. Prostate adenocarcinomas were 
graded by Gleason score as 2-4 scores = well-differentia- 
tion, 5-7 scores = moderate-differentiation and 8-10 
scores = poor-differentiation [7 J. Seventy-two percent of 
Gleason scores 8-10 prostate cancers had very strong 
staining of PSCA compared to 21% with Gleason scores 
5-7 and 17% with 2-4 respectively, demonstrating that 
poorly differentiated Pea had significantly stronger 
expression of PSCA protein and mRNA than moderately 
and well differentiated tumors (p < 0.05). As depicted in 
Figure 1, IHC and ISH analyses showed that PSCA protein 
and mRNA expression in several cases of poorly differen- 



tiated Pea were particularly prominent, with more intense 
and uniform staining. The results indicate that PSCA 
expression increases significantly with higher tumor grade 
in human Pea. 

Correlation of PSCA expression with clinical stage in Pea 
With regards to PSCA expression in every stage of Pea, we 
showed the results in Table 2. Seventy-five percent of 
locally advanced and node positive cancers (i.e. C-D 
stages) expressed statistically high levels of PSCA versus 
32.5% that were organ confined (i.e. A-B stages) (p < 
0.05). The data demonstrate that PSCA expression 
increases significantly with advanced tumor stage in 
human Pea. 

Correlation of PSCA expression with androgen- 
independent progression of Pea 

All 9 specimens of androgen-independent prostate can- 
cers stained positive for PSCA protein and mRNA. Eight 
specimens were obtained from patients managed prior to 
androgen ablation therapy. Seven of eight (87.5%) of 
these androgen-independent prostate cancers were in the 
strongest staining category (score = 9), compared with 
three out of eight (37.5%) of patients with androgen- 
dependent cancers (p < 0.05). The results demonstrate 
that PSCA expression increases significantly with progres- 
sion to androgen-independence of human Pea. 

It is evident from the results above that within a majority 
of human prostate cancers the level of PSCA protein and 
mRNA expression correlates significantly with increasing 
grade, worsening stage and progression to androgen-inde- 
pendence. 

Correlation of PSCA immunostaining and mRNA in situ 
hybridization 

In all 88 specimens surveyed herein, we compared the 
results of PSCA IHC staining with mRNA ISH analysis. 
Positive staining areas and its intensity and density scores 
evaluated by IHC were identical to those seen by ISH in 79 
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/ 
48 Pea respectively). Importantly, 27/27 samples with 
PSCA mRNA composite scores of 0-2, 32/36 samples 
with scores of 3-6 and 22/24 samples with a score of 9 
also had PSCA protein expression scores of 0-2, 3-6 and 
9 respectively. However, in 5 samples with PSCA mRNA 
overall scores of 3-6 and in 2 with scores of 9 there were 
less or negative PSCA protein expression (i.e. scores of 0- 
4), suggesting that this may reflect posttranscriptional 
modification of PSCA or that the epitopes recognized by 
PSCA mAb may be obscured in some cancers. The data 
demonstrate that the results of PSCA immunostaining 
were consistent with those of mRNA ISH analysis, show- 
ing a high degree of correlation between PSCA protein 
and mRNA expression. 
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Figure I 

Representatives of PSCA IHC and ISH staining in Pea (A. IHC staining, B. ISH staining, *200 magnification). A,, B,: negative con- 
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back- 
ground staining. A 2 . B 2 : a moderately differentiated Pea (Gleason score = 3+3 = 6) with moderate staining (composite score = 
6) in all malignant cells; A 2 : IHC shows not only cell surface but also apparent cytoplasmic staining of PSCA protein. A 3 , B 3 : a 
poorly differentiated Pea (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in ail malignant cells. 
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Discussion 

PSCA is homologous to a group of cell surface proteins 
that mark the earliest phase of hematopoietic develop- 
ment. PSCA mRNA expression is prostate-specific in nor- 
mal male tissues and is highly up-regulated in both 
androgen-dependent and-independent Pea xenografts 
(LAPC-4 tumors). We hypothesize that PSCA may play a 
role in Pea tumorigenesis and progression, and may serve 
as a target for Pea diagnosis and treatment. In this study, 
IHC and ISH showed that in general there were weak or 
absent PSCA protein and mRNA expression in BPH and 
low grade PIN tissues. However, PSCA protein and mRNA 
are widely expressed in HGPIN, the putative precursor of 
invasive Pea, suggesting that up-regulation of PSCA is an 
early event in prostate carcinogenesis. Recently, Reiter RE 
etal [1], using ISH analysis, reported that 97 of 118 (82%) 
HGPIN specimens stained strongly positive for PSCA 
mRNA. A very similar finding was seen on mouse PSCA 
(mPSCA) expression in mouse HGPIN tissues by Tran C. 
P et al [8]. These data suggest that PSCA may be a new 
marker associated with transformation of prostate cells 
and tumorigenesis. 

We observed that PSCA protein and mRNA are highly 
expressed in a large percentage of human prostate cancers, 
including advanced, poorly differentiated, androgen- 
independent and metastatic cases. Fluorescence-activated 
ceil sorting and confocal/ immunofluorescent studies 
demonstrated cell surface expression of PSCA protein in 
Pea cells [9). Our IHC expression analysis of PSCA shows 
not only cell surface but also apparent cytoplasmic stain- 
ing of PSCA protein in Pea specimens (Figure 1). One pos- 
sible explanation for this is that anti-PSCA antibody can 
recognize PSCA peptide precursors that reside in the cyto- 
plasm. Also, it is possible that the positive staining that 
appears in the cytoplasm is actually from the overlying 
cell membrane [5]. These data seem to indicate that PSCA 
is a novel cell surface marker for human Pea. 

Our results show that elevated level of PSCA expression 
correlates with high grade {i.e. poor differentiation), 
increased tumor stage and progression to androgen-inde- 
pendence of Pea. These findings support the original IHC 
analyses by Gu Z et al (9 J, who reported that PSCA protein 
expressed in 94% of primary Pea and the intensity of 
PSCA protein expression increased with tumor grade, 
stage and progression to androgen-independence. Our 
results also collaborate the recent work of Han KR et al 
[ 10), in which the significant association between high 
PSCA expression and adverse prognostic features such as 
high Gleason score, seminal vesicle invasion and capsular 
involvement in Pea was found. It is suggested that PSCA 
overexpression may be an adverse predictor for recur- 
rence, clinical progression or survival of Pea. Hara H et ai 
|11] used RT-PCR detection of PSA, PSMA and PSCA in 1 



ml of peripheral blood to evaluate Pea patients with poor 
prognosis. The results showed that among 58 PCa 
patients, each PCR indicated the prognostic value in the 
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic 
cases with positive PSCA PCR indicated lower disease-pro- 
gression-free survival than those with negative PSCA PCR, 
demonstrating that PSCA can be used as a prognostic fac- 
tor. Dubey P et al [12) reported that elevated numbers of 
PSCA + cells correlate positively with the onset and devel- 
opment of prostate carcinoma over a long time span in 
the prostates of the TRAMP and PTEN +/- models com- 
pared with its normal prostates. Taken together with our 
present findings, in which PSCA is overexpressed from 
HGPIN to almost frank carcinoma, it is reasonable and 
possible to use increased PSCA expression level or 
increased numbers of PSCA-positive cells in the prostate 
samples as a prognostic marker to predict the potential 
onset of this cancer. These data raise the possibility that 
PSCA may have diagnostic utility or clinical prognostic 
value in human Pea. w 

The cause of PSCA overexpression in Pea is not known. 
One possible mechanism is that it may result from PSCA 
gene amplification. In humans, PSCA is located on chro- 
mosome 8q24.2 [1], which is often amplified in meta- 
static and recurrent Pea and considered to indicate a poor 
prognosis J 13-15]. Interestingly, PSCA is in close proxim- 
ity to the c-myc oncogene, which is amplified in >20% of 
recurrent and metastatic prostate cancers [16,17]. Reiter 
RE et al |18| reported that PSCA and MYC gene copy num- 
bers were co-amplified in 25% of tumors (five out of 
twenty),demonstrating that PSCA overexpression is asso- 
ciated with PSCA and MYC coamplification in Pea. Gu 2 
et al [9| recently reporteted that in 102 specimens availa- 
ble to compare the results of PSCA immunostaining with 
their previous mRNA ISH analysis, 92 (90.2%) had iden- 
tically positive areas of PSCA protein and mRNA expres- 
sion. Taken together with our findings, in which we 
detected moderate to strong expression of PSCA protein 
and mRNA in 34 of 40 (85%) Pea specimens examined 
simultaneously by IHC and ISH analyses, it is demon- 
strated that PSCA protein and mRNA overexpressed in 
human Pea, and that the increased protein level of PSCA 
was resulted from the upregulated transcription of its 
mRNA. 

At present, the regulation mechanisms of human PSCA 
expression and its biological function are yet to be eluci- 
dated. PSCA expression may be regulated by multiple fac- 
tors [18]. WatabeTet al [19) reported that transcriptional 
control is a major component regulating PSCA expression 
levels. In addition, induction of PSCA expression may be 
regulated or mediated through cell-cell contact and pro- 
tein kinase C (PKC) |20|. Homologues of PSCA have 
diverse activities, and have themselves been involved in 
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carcinogenesis. Signalling through SCA-2 has been dem- 
onstrated to prevent apoptosis in immature thymocytes 
[21]. Thy-1 is involved in T cell activation and transducts 
signals through src-like tyrosine kinases [22}. Ly-6 genes 
have been implicated both in tumori genesis and in cell- 
cell adhesion (23-25). Cell-cell or cell-matrix interaction is 
critical for local tumor growth and spread to distal sites. 
From its restricted expression in basal cells of normal 
prostate and its homology to SCA-2, PSCA may play a role 
in stem/progenitor cell function, such as self-renewal (i.e. 
anti-apoptosis) and/or proliferation [1]. Taken together 
with the results in the present study, we speculate that 
PSCA may play a role in tumorigenesis and clinical pro- 
gression of Pea through affecting cell transformation and 
proliferation. From our results, it is also suggested that 
PSCA as a new cell surface antigen may have a number of 
potential uses in the diagnosis, therapy and clinical prog- 
nosis of human Pea. PSCA overexpression in prostate 
biopsies could be used to identify patients at high risk to 
develop recurrent or metastatic disease, and to discrimi- 
nate cancers from normal glands in prostatectomy sam- 
ples. Similarly, the detection of PSCA-overexpressing cells 
in bone marrow or peripheral blood may identify and pre- 
dict metastatic progression better than current assays, 
which identify only PSA-posirive or PSMA-positive pros- 
tate cells. 

In summary, we have shown in this study that PSCA pro- 
tein and mRNA are maintained in expression from 
HGP1N through all stages of Pea in a majority of cases, 
which may be associated with prostate carcinogenesis and 
correlate positively with high tumor grade (poor cell dif- 
ferentiation), advanced stage and androgen-independent 
progression. PSCA protein overexpression is due to the 
upregulation of its mRNA transcription. The results sug- 
gest that PSCA may be a promising molecular marker for 
the clinical prognosis of human Pea and a valuable target 
for diagnosis and therapy of this tumor. 
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Abstract 

Translation Initiation Is regulated tn response to 
nutrient availability and myogenic stimulation and Is 
coupled with ceO cycle progression and cen growth. 
Several atterations In tiansiatlonaJ control occur In 
cancer. Variant mRNA sequences can after the 
translatlonaj efficiency of IrufivWual mRHA molecules, 
which In turn play a role In cancer biology. Changes In 
the expression or avaflabffity of components of the 
translations! machinery and In the activation of 
translation through signal transduction pathways can 
lead to more global changes, such as an increase in 
the overall rate of protein synthesis and translation^ 
activation of the mRNA molecules Involved In cell 
growth and proliferation. We review the basic 
principles of translational control, the alterations 
encountered In cancer, and selected therapies 
targeting translation Initiation to help elucidate new 
therapeutic avenues. 

Introduction 

The fundamentaJ principle of molecular therapeutics in can- 
cer is to exploit the differences in gene expression between 
cancer cells and normal cells. With the advent of cDNA array 
te^nolqgy, most efforts have concentrated on Identifying 
differences In gene expression at the level of mRNA, which 
can be attributable either to DNA amplification or to differ- 
ences In transcription. Gene expression is quite complicated, 
however, and Is also regulated at the level of mRNA stability 
mRNA translation, and protein stability. 

"The power of tmnslational regulation has been best recog- 
nized among developmental biologists, because transcription 
does not occur in earty embryogenesis In eukaryotes. For ex- 
ample. In Xenopus, the period of transcriptional quiescence 
continues until the embryo reaches mk&Iastula transition, the 
4000-cett stage. Therefore, all necessary mRNA molecutes are 
transcribed during oogenesis end stockpiled In a translation^ 
inactive, masked form. The mRNA are transiationafly activated 
at appropriate times during oocyte maturation, fertilization, and 



earV einrjryogeriesfe airf 
control. 

Translation has an established role In cell growth. Basi- 
cally, an Increase m protein synthesis occurs as a conse- 
quence of mftogenesls. Until recently, however, little was 
known about the alterations in mRNA translation in cancer 
and much la yet to be cfiscovered about their role In the 
development and progression of cancer. Here we review the 
basic principles of tmnslational control, tho alterations 
coui^ In carw, and selected ih^ 
tton Initiation to elucidate potential riew therapeutfc avenues 

Basic Principles of Translational Control 
Mechanism of Translation Initiation 
Trar©latfonW«ation 
Translate itftiatkm fe 
tRNAand tte40S arxl 60S rtoosoma^ 
the 5' end of a mRNA molecule and assembled by eukaryotic 
transJatfon initiation fectonj Into an SOS rOx)some at tiie start 
codon of the mRNA (Fig. 1). The 5' end of eukaryotic mRNA Is 
capped, La., contains the cap structure m 7 GpppN (T^n^y^ 
guanostne-tnphosptK>^^^ Most translation In 

eukaryotes occurs in a cap-dependent fashion, Aa, the cap fe 
specifically recognised by the e*F4E, 3 which binds the 5' cap. 
The e!F4F translation Initiation complex Is then formed by the* 
assembly of e!F4H. the RNA heDcase elF4A, and eIF4G, a 
scaffolding protein that mediates the binding of the 40S noo- 
somal subuntt to the mRNA molecule through Irrteraction with 
the e!F3 protein present on the 40S ribosoma elF4Aand elF4B 
Participate h melting the secondary structure of the 5' UTR of 
the mRNA. The 43S Initiation complex (40S/eIF2/Met-tRrW 
GTP complex) scans the mRNA in a 5'-*3' direction until it 
encounters an AUG start codon. This start codon Is then base- 
palred to the anticodon of initiator tRNA, forming the 48S InKi- 
ation complex. The Initiation factors are then displaced from the 
48S complex, and the 60S ribosome Joins to form the 80S 
ribosome. 

Unlike most eukaryotic translation, translation Initiation of 
certain mRNAs, such as the plcornavinjs RNA, fe cap Inde- 
pendent and occurs by internal ribosome entry. This mecha- 
nism does not require e!F4E. Either the 43S complex can bfrKj 
the Initiation codon directly through interaction with the IRES In 
the 5' UTR such as in the encephalomyocarditis virus, or it can 
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i reach tfio initiation codon bv 
scanning or transfer, as Is the case with the poliowus (1). 

Regulation of Translation Initiation 
Translation Initiation can be regulated by alterations In the 
wpra^on or phosphorylation status of the various factors 
involved. Key components In translatfonal regulation that 
may provide potential therapeutic targets follow 

it it' thf; e, ? E 8 m translation regulation. 

It^f ! abundant of the Initiation factors and Is con- 
sidered the rate-flmHIng component for Initiation of cap- 
dependent translation. elF4E may also be Involved In mRNA 
aplWng. mRNA 3' processing, and mRNA nudeocytoptes- 
mlc transport (2). elF4E expression can be Increased atthe 
transcrtpllonal level In response to serum or growth factors 

2 tlSS ° VereXpresS,on ™* v*** Preferential translation 
of mRNAs containing excessive secondary structure In their 
5 urn that are normally discriminated against by the trans- 



latlonal machinery and thus are Inefficiently translated {4-7* 
As examples of this, overexprasston of elF4E promotes In- 
creasy translation of vascular endothelial growth factor 
fibroblast growth factor-2, and cyctln D1 (2, £9). * 
Another mechanism of control Is the regulation of elF4E= 
SS^** Phosphorylation Is mediated by the 
™°%™^J^ I^Weiacflng kinase 1.4te h 
teac«vated by fto mrtogen-acttvated pathway activating 
e^lluIa^naKrelated kinases and the stre4-actlvate5 
STn^J^?* P 38 """ogen-actlvated protein M- 
££2 mtto8ens ' such a * serum, platelet- 

derived growth factor, epidermal growth factor, Insulin, 
angiotensin II, src kinase overexpresslon, and toonr! 
UK?* 5? to elF4E Phosphorylation (14). The phos- 
fi** 8 <* *« is usually correteted vrimTe 

eS^!^^ ^ however; 
elF4E phospnorytatlon has also been observed In respond 
to some cellular stresses when transtetlonal rates actually 

^^i 1 ! 7hUS> furtner stud y b needed to understand 
the effects of elF4E phosphorylation on elF4E activity 
Another mechanism of regulation Is the alteration of e)F4E 

SSS,^^^ ° f 6lF4Et0 *• elF4E-b indhg prof 
Stf: BP -fS? ta °wn as PHAS-I). 4E-BPa compete with 
e»F4G for a binding site In elF4E. The binding of eIF4E to the 
best characterized elF4E-blndlng protein. 4E-BP1. Is regu- 

BP1 binds to elF4E. whereas 4E-BP1 hyperphosphorylatton 
decrc ff ** binding. Insulin, angiotensin. ^tenS 
growth factor. piateieHiertved growth factor, hepatocyte 

w T e8r0Wtn,aCtor ' Insuiln-llkegrowm factors 
l and II InterteuWn 3, granulocyte-macrophage coIony-stJm- 
utahngfactor + steel factor, gastrin, and the adenovirus have 
all been reported to induce phosphorylation of 4E-BPt and 
to decrease the ability of 46-BP1 to bind elF4E (15. 16) 
C<we^V. deprivation of nutrients or growth factors resute 
in 4E-BP1 dephosphorylatlon. an Increase In elF4E binding 
and a decrease In cap-dependent translation. 
p70!» Kinase. Phosphorylation of ribosomal40S protein 



^SSS^ ^ _/ ~ mouse emte y°nfc cells proliferate more 
slowly than do parental cells, demonstrating that S6K has a 
positive influence on cell proliferation (1 7). S6K regulates the 
translation of a group of mRNAs possessing a 5' terminal 
oHgopyrimldlnetract(5' TOP) found at the 5' UTFtof ribosomal 
protein imRNAs and other mRNAs coding for components of 
jte translate machinery. Phosphorylation of S6K Is regu- 
lated In part based on the availability erf nutrfents (18, 19)andb 
stimulated by several growth factors, such as ptetelet-derfved 
growth factor and InsuIIn-llke growth factor I {20). 

elF2a Phosphorylation. The binding of the Initiator tRNA 
to the small ribosomal unit Is mediated by translation Initia- 
tion factor elF2. Phosphoryfation of the «-subunH of elF2 
pnevents formation of the elF2/GTP/Met-tRNA complex and 
'nWbrts global protein synthesis (21, 22). eF2« l$ phospho- 
rylated under a variety of conditions, such as viral Infection 
nutrient deprivation, heme deprivation, and apoptosfs (22)' 
eiF2« is phosphorated by teme-regulated Inhibitor, nutrient- 
regulated protein kinase, and the IFN-lnduced, double- 
stranded RNA-activated protein kinase (PKR; Ref 23) 
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J^^ S ^ a ^ Pmmv ' n**™* antibiotic 
rapamydn (Straflmus; Wyeth-Ayeret Research, Coltegovflia. 

Wbitsdgnal transduction pathways Involved in T-cell actjva- 

StyS Tr" 3 ^^ ^P 0 ^ °» these pathways 
te mTOR (abo called FRAP or RAFT1). mTOR Is the mam- 
mailan homologue of the yeast TOR proteins that regulate G, 
l^^on and translation In response to rmtrtentavailabil- 
2 P S^™ R b a ^"^hreonine kinase that modulates 
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•adetktrraitogcM 



4E-BP1andS6K(Rg.2;Ref.25). 
^^Jl^^l ^P^ 03 ! 3 ^ 0 ^^*^ on mumprfe reelctues. mTORphos- 
pJweytates the 1hr-37 and Thr-46 residues of 4E-BP1 In wfro 

cSS-SS^ ** sU * ec ! uent P»>«Phoryb«on at several 
se, i!^ ensfttV8 ^ a combination of these 
P™sph«yfaHon events appears to be needed to Inhibit toe 

" SS^^T to ^ ^ ^ P^uct of therfTMgent 
S^^^' ^ ateo play a rotoh 

phosphorylation (27-29). ' 

S6Kand 4E-BP1 are also regulated. In part, by PBK and its 

downstream protein kinase Akt PTEN lea phosphatase that 

. negative* reoutates P.3K signaling. PTEN nuO cells have 

core^eV active of Akt, with increased S6K activity and 

S^S^ 8 *" 1 (30) - S6K acBvft y b ""hlblted both by 
PBK InhlbJtors wortmannln and LY294002 and by mTOR 

T*" P4) " ^ PhosPhorylates 8^2448 In 
r°; slte '8 Phosphorylated upon Akt 

S- 8 * ^ mTOR te ******* * *• 

£SSS P ? * h0WWer ' does not a PPear to be the 
only mode of regulation of mTOR actfvtty. Whether the PI3K 

independent of mTOR is controversial. 

Interestingly, mTOR autophosphorytation is blocked by wort- 
^^btrtnot by rapamycln (34). This seeming Ir^onstetency 
suggests that mTOR-responslve regulation of 4E-BP1 and S6K 

Wnaseactfvtty. An atternate pathway for4E-BPT and S6K phos- 
Pl^onby mTOR activity Is by the Inhibition of a phospha- 

m ^SrT "V^^uced dephosphorylatfon of 4E- 
Zl ***** ^rapamydn (35). PP2A Interacts with full-length 
S6K but not with a S6K mutant that is resistant to dephespho- 

?^r^^ rapamyekL m TOR prKK! pborylatesPP2A 
In wire, however, how this process alters PP2A activity Is not 
known These results are consistent with the model that phos- 
phorylation of a phosphatase by mTOR prevents dephospho- 
n^onoUE-BPI ar^seK.arKlcpnversety.ti^nXrd^: 
rtvaton and rapamycln block Inhibition of the phosphatase by 

Potyadenytation. The poly(A) tall In eukaryotlc mRNA Is 
mS 0 ^"! enhanc,n 9 translation Initiation and mRNA sta- 
«!nL I° Varf . eny,a1,0n P ' ays 8 key "* ,n bating sene 
So^pLt r 9 °° 9en0Ste «** ^bryogenesls. 
Some mRNA that are translatlonally inactive In the oocyte are 
polyadenylated concomitantly with translatlonal activation In 
oocyte maturation, whereas other mRNAs that are transla- 
tlonally active during oogenesis are deadenylated and trans- 
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laterally silenced (38-38). Thus, control of poly(A) tan syn- 
«**b b an bnportent reguiatory step In gS^SstoS 
The 5' cap and pory(A) tail are thought to fumWsyneX 
^ t0 o S!" ate « ra ~lattenal efficiency p^JT 
RrU Packagtog. Most RNA-blndlng protein are assem- 
bled on a transcript at the time of transcription, thus deter- 
mining the translations! fate of the transcript (41) A htahh, 
curved famny of Y-box proteins I ST^pSte 
mes^ ribonucleoproteln particles, where the protein^ 

Z^Tl°^l a r0te ln resWct, "9 recruitmL S 
^ to ^Brislatlona. machinery (41-43). The major 
mRNW-assoctoted protein, YB-1. destabilizes the Interaction 
Zr^**'" ^ ^ overexpre^cru; 
I^l^fi n .? anStet,0nal re P ressto " Wvo (44). Thus, 
derations In RNA packaging can also play an Important rote 
In translatlonal regulation. 

Translation Alterations Encountered in Cancer 

Three main alterations at the translation! level occur in cancer 
rS, 1 ^^ ** increase or decrease trans: 
latlonal efficiency, changes In the expression or availability of 
cowerrts^of the translatlonal machinery, and activation of 

^^Z^ ^ transduction 

Pj™ay^ Ttoftrt alteration affects the translate of an Indi- 
vidual mRNA that may play a role In carcinogenesis. The sec- 
ond and third alterations can lead to more global changes, such 

te^^JT OVefaarateof P***" synthesis, and the 
translatlonal activation of several mRNA species. 

Variations In mRNA Sequence 

Variations In mRNA sequence affect the translatlonal effr 

ciency of the transcript, a brief description of these variations 

and examples of each mechanism follow. 

, .k^.^: Mutations ln tne raRNA sequence, especially 

[ n **l '^"■^alterltetmnslatlonalefflclency.asseenln 
the following examples. 
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c-nyc. Safto eta?, proposed that translation of fuB-length 
c-/nyc Is repressed, whereas m several Burkltt lymphomas 

^ Bcfent ( 4 Q- ^MorenBcently, ft was reported that the 
5 UTR of cwnyc contains an IRES, and thus c-myc transla- 
bonran be Initiated by a cap^ndependent as well as a 
rap-dependent mechanism (46, 47). m patients with multiple 

KH?L a ^tJ mutaBon ,n ^"Vc IRES was Identified 
W Wfeund to cause an enhanced WtJatton of translation 
wa Internal rfbosomal entry (48). 

fS'l^T 3 ^ ^ mutatton < 117 In position 
^Jrespert to .the start codon of the gene was 
WMfted in a highly aggressive sporadic breast cancer (SO). 

^fc^^S™*? COnstetln 9 °* «» wild-type or mutated 
BHCA1S LTTR and a downstream luctferase reporter dem- 
on^eda decrease In the translattonal efficiency with the 5' 
uiH mutation. • 

m ^ nHl T^T 1 i fanaSe Some inherited 

melanoma kindreds have a G->T transverslon at base -34 
of cycBredependent kinase inWbttor-2A, which encodes a 
^dependent kinase 4/cycllredependent kinase 6 kinase 
InWbltor Important In G f checkpoint regulation (51). This 
mutetton,. fl ives rise to a novel AUG translation Initiation 
cooon. creating an upstream open reading frame that com- 

S^^ n ^. , ! bOSOmeS decre3se3 translation 
from the wild-type AUG. 

J^H^f^ Altemate Transcription Start 

^Alterations In splicing and altemate transcription sites 
cmleadtovan^in 5' ura sequence, length. endsdcortd- 
ary structure. ultimately impacting translations! efflctency 

. m?*L ? ™ geno has four noncoding exons in its 5' 
UTR that undergo extensive alternative spHdng (52). The 
^tents c* 12 different 5' LfTRs that show considerable 
diversity in length and sequence have been Identified. These 

S!SL 5 1 fead f 3eqUWCeS P |a V an "fportant role In the 
translattonal regulation of the ATM gene. 

mdm. In a subset of tumors, overexpresslon of the onco- 
proteb, mdm2 results In enhanced translation of the mdm2 
S^lfT! Peters leads to two mom2 tran- 
scnots thaldrffer only in their 5' leaders (53). The longer 5' 
UTR contains two upstream open reading frames, and this 
I71«??£r* '-^-mpared with 

J!?^* 'L 8 n0rmal mammar y gland, BRCA1 mRNA Is 
InTr^H k ,l Sh0r,er ""a******™* (5'UTRa), whereas 
In sporadic breast cancer tissue. BRCA1 mRNA is expressed 
w^alcr^er leader sequence (5' UTRb); the translationai 
efficiency of transcripts containing 5' UTRb is 10 times lower 
than that of transcripts containing 5' UTRa (54) 

7GF-f». TGF-P3 mRNA includes a 1.1 -kb 5' UTR, which 
exerts an Inhibitory effect on translation. Many human breast 
S £"» a novel TGF-Q3 transcript with a 5' 

UTR that Is 870 nucleotides shorter and has a 7-fold greater 
translationai efficiency than the normal 7GF-/33 mRNA 155) 

Alternate Polyadenylation Sites. Multiple polyadenyl- 
^J 3 ! 9 " 313 ,ead,ng to tne aeneratlon of several transcripts 
wrth differing 3' UTR have been described for several mRNA 

^L 8W T HO™ RET P^^cogene (56). ATM gene 
tissue Inhibitor of metalloprotelnases-3 (57), RHOA 



Pj^onoagene f£8). and calmodulfiH (59). Although th«a 
eftet of these altemate 3' UTRs on translation Is not y&t 

i^ 0 5 e LII!!L b9 bnpam h RNA-P^tew interactions 
that affect translationai recruftment The role of these alter- 

atlons In cancer development and progression is unknown. 

Alterations In the Components of the 
Translation Machinery 

^Jteratlonslntheccmpon^ 

take many forms. 7 

° verex P resse,on of elF4E. Overexpresslon of e!F4E 
causes maJgrarttrareforn^n In n^ 

Si^l" 818 ceU flrowth (61 >- Poltmovsky etal (62) 
fcwl that eIF4E overexpresslon substitutes for serum and 



Elevated levels of eIF4E mRNA have been found in a broad 
spectrum of transformed ceD lines (63). elF4E levels am 
elwatedln all ductal carcinoma In situ specimens and Inva- 
sive ductal carcinomas, compared with benign breast spec- 
^ evaluated with Western blot analysis (64. 65). Pe- 
nary studies suggest that this overexpresslon is attributable 
to gene amplification (68). ^ 

There are accumulating data suggesthg tta elF4E overex- 
presston can be valuable as a prognostic marker. elF4E over- 
expresslon was found In a retrospecBve studytobeamarkerof 
poor prognosis In stages I to in breast carcinoma (671 Verifica- 
tion of the prognostic value of elF4E In breast cancer is now 
under way in a prospective trial (67). However. In a different 
elF4E expression was correlated with the aggressive 
behavior of non-HodgWn's lymphomas (68). In a prospective 
^^^Pf^wimt^arKlr^car^.elevateS? 

f Z^J^?^ tUmor - free ***** "margins predicted 
i^fl^y incased risk of local^kxTal recurrence (9). 
These resute all suggest that efF4E cwerexpresslon can be 
^dtoa^act patients who might benefit from more aggressive 
systemic itberapy. Furtiermore, the head ami wx* cancer data 
suggest that elF4E overexpresslon te a Held defect and can be 
used to guide locaJ therapy. 

Atterations in Other Initiation Factors. Alterations In a 
number of other Initiation factors have been associated with 
cancer. Overproduction of elF4G, similar to elF4E, leads to 

S^^°? aMon ln ^ (69 >" 6,F - 2 « ,a »n 
2^22 ^ ete,n ^onchloloalveolar carcinomas of the lung 
g). lnl^on factor elF-4A1 is overexpressed in melanoma 
(7°) and hepatocellular carcinoma (71). The p40 subunlt of 
hanslatlon Initiation factors is amplified and overexpressed 
n breast and prostate cancer (72). and theelF3-p1 18 subunlt 

overBxpmssed ln testicular seminoma (73). The role that 
overexpresslon of these Initiation factors plays on the devel- 
opment and progression of cancer, if any, Is not known 

Overexpresslon of S6K. S6K Is amplified and highly 
overexpressed In the MCF7 breast cancer cell line, com- 
pared with normal mammary epithelium (74). In a study bv 
Bariund et a/. (74). S6K was amplified In 59 of 668 primary 
breast tumors, and a statistically significant association was 
observed between amplification and poor prognosis. 
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OverexjaressJon of PAP. PAP catalyzes 3' poly(A) syn- 
thesis. PAP Is.overexpressed in human cancer cells com- 
pared with normal and viraNy transformed cells (75). pap 
eraymatte activity in breast tumore has been correlated wRh 
RAP protein levels (70) and, In mammary tumor cytosois, was 
found to be an Independert factor for predlctir^ survival (76). 
Uttte b known, however, about how PAP expression or ac- 
tivity affects the translatlonal profile. 

Alterations fnRNA-Wntflng Proteins. Even lessbknown 
about alteratons In RNA packaging In cancer. Increased ex- 
pression and nuclear Iccafizatton of the RNA-blndkig protein 
YB-1 are Incficators of a poor prognosis for breast cancer (77) t 
nwn^c^iungcsirtc* 

ever, this effect may be mediated at least in part a! the level of 
transcription, because YB-1 Ir^easescrenxxBslstance by en- 
hancing trie transcription of a multidrug resistance gene (80). 

Activation of Signal Transduction Pathways 
Activation of signal transduction pathways by Joss of tumor 
suppressor genes or overaxpression of certain tyrosine kinases 
can contribute to the growth end aggresslvene^ of tumors. An 
lmpo rtant v mutant in human cancers Is the tumor suppressor 
ger»PTHV,wr^ leads to the acth^ttonrf 
way. Activation of Pt3K and Akt Induces the orcogenlc trans- 
formation of chicken embryo fibroblasts. The transformed cells 
show constitutive phosphorytatfon of S6K and of 4E-BP1 (81). 
A mutant Akt that retafos kinase activity but does not phos- 
phoryiate S6K or 4E-BP1 does not transform fibroblasts, which 
suggests a comalatJon between the oncogentefty of PJ3K and 
Akt and the pfx>sphorylatlon of S6K and 4H-BP1 (51). 

Several tyrosine kinases such as platelet-derived growth 
factor, Insulin-like growth factor, HER2/neu, and epidermal 
growth factor receptor are overexpressed In cancer. Be- 
cause these kinases activate downstream signal transduc- 
tion pathways known to alter translation Initiation, activation 
of translation Is likely to contribute to the growth and aggres- 
siveness of these tumors. Furthermore, the mRNA for many 
of these kinases themselves are under translatfonai control. 
For example, HER2/neu mRNA Is translationaJfy controlled 
both by a short upstream open reading frame that represses 
HER2/neu translation In a cell type-Independent manner and 
by a distinct cell type-dependent mechanism that Increases 
translatlonal efficiency (62). HER2/neu translation Is different 
in transformed and normal cells. Thus, It Is possible that 
alterations at the translatlonal level can In part account for 
the discrepancy between HER2/neu gene amplification de- 
tected by fluorescence In sftu hybridization and protein levels 
detected by Immunohlstochemlcal assays. 



Translation Targets of Selected Cancer Therapy 

Components of the translation machinery and signal path- 
ways Involved In the activation of translation Initiation repre- 
sent good targets for cancer therapy. 

Targeting the mTOR Signaling Pathway: Rapamycin 
and TumstBtin 

Rapamycin Inhibits the proliferation of fyrnphocytes. It was 
Initially developed as an Immunosuppressive drug for organ 



traraplantatiorv Raparrrycln with FKBP 12 (FK506-bfridlnQ 
protein, M r 12,000) Wnds to mTOR to Inhibit Its function. 

Rapamyck) causes a small but significant reduction In the 
initiation rate of protein synthesis (83). rt blocks cell growth In 
part by blocking S8 phosphorylation and selectively su£>- 
rjressing the translate 

proteins, and elongation factors (83-85). Rapamycin ateo 
blocks 4E-BP1 phosprK)rylatIon and Inhibits cap-dependent 
but not cap-Independent translation (17, 86). 

The rapamycln-sensmve signal transduction pathway, acti- 
vated during ma%iarrt 

is now being studied as a target for cancer therapy (87). Pros- 
tate, breast, smaBceBliir^gB^^ 

leukemia are among the cancer Bnes most sensitive to the 
rapamycin analogue CCK779 (Wyeth^yerst Research; Ref. 
87).mrhabcbrTiycosarcom^ 

static or cytoddal, depending on the p53 status of the ce%p53 
wDd-type cete treated with rapamycin arrest In the phase 
and maintain their viabtSty, whereas p53 mutant cete accumu- 
late InO* and uiKlergoapoptosIs (88,89). In a recently reported, 
study using human primitive neuroectodermal tumor and 
mec^tobtestoma models, rapamycin exhibited more cytotox- 
icity in combination with dsptatin and c^ptothecin than as a 
single agent tn vivo, C0779 delayed growth of xenografts by 
160% after 1 week of therapy and 240% after2 weeks. Aslngte 
high-dose administration caused a 37% decrease in tumor 
vctome. Growth Inhibition tn vivo was 1.3 times greater, with 
dsplatm In combination with CCI-779 than with ctepJatfn atone 

(90) . Thus, preclinical studies suggest that rapamydn ana- 
logues are useful as single agents and in combination with 
chemotherapy. 

Rapamycin analogues CCI-779 and RAD001 (Novartls, 
Basel, Switzerland) are now In clinical trials. Because of the 
known effect of rapamycin on lymphocyte proliferation, a 
potential problem with rapamycin analogues Is immunosup- 
pression. However, although prolonged Immunosuppression 
can result from rapamycin and CCI-779 administered on 
continuous-dose schedules, the Immunosuppressive effects 
of rapamycin analogues resolve In -24 h after therapy 

(91) . The principal toxicities of CCI-779 have included der- 
matotoglca) toxicity, myetosuppresslon. Infection, mucositis, 
diarrhea, reversible elevations In liver function tests, hyper- 
glycemia, hypokalemia, hypocalcemia, and depression (87, 
92-94). Phase II trials of CCI-779 have been conducted In 
advanced renal cell carcinoma and in stage Ill/TV breast 
carcinoma patients who failed with prior chemotherapy. In 
the results reported In abstract form, although there were no 
complete responses, partial responses were documented In 
both renal cell carcinoma and in breast carcinoma (94, 95). 
Thus, CCI-779 has documented preliminary clinical activity in 
a previously treated, unsetected patient population. 

Active Investigation Is under way into patient selection for 
mTOR inhibitors. Several studies have found an enhanced 
efficacy of CCI-779 In PTEN-null tumors (30, 96). Another 
study found that six of eight breast cancer cell lines were 
responsive to CCI-779, although only two of these lines 
lacked PTEN (97) There was, however, a positive correlation 
between Akt activation and CCI-779 sensfflvfty (97). This 
correlation suggests that activation of the PI3K-Akt pathway, 
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regress of whether it b attributable to a PTEN mutation or 
to overexpresslon of receptor tyrosine kinases, makes can- 
cer cell amenable to mTOR-dJrected therapy. In contrast, 
tower levels of the target of mTOR, 4E-BP1, are associated 
with raparnycin resistance: thus, a lower 4E-BP1/elF4E ratio 
may predict rapamycln resistance (98). 

Another mode of activity tor rapamydn and fe analogues 
appears to be through toNbltton of autogenesis. This acu- 
ity may be both through direct Inhibition of endothelial cefl 
prolltoatton as a result of mTOR Inhibition In these cells or by 
InNbHton of translation of such proangtogenJc factors as 
vascular endothelial growth factor In tumor cells (99, 100). 

The anglogeneste Inhibitor tumstatln, another anticancer 
drug currently under study, was also found recently to Inhibit 
translation in endothelial cells (101). Through a requisite In- 
teraction with Integrin, tumstatln inhibits activation of the 
PBKTAkt pathway and mTOR in endothelial cells and pre- 
vents dissociation of elF4E from 4E-BP1. thereby Inhibiting 
cap-dependent translation These findings suggest that en- 
**heOal cells are especially sensitive to therapies targeting 
the mTOR-slgnallng pathway. 

Targeting etF2te EPA, Clotrimazole, mda-7, 
and Flavonolds 

EPAIsann-3 polyunsaturated fatty acid f ound In the tteh- 
^~ < ? S * ^^ons having a tow Incidence of cancer 
(102). EPA Inhibits the proliferation of cancer cells (103) as 
m+ as In animal models (104. 105). It blocks cell division' by 
rnfobrttng i translation initiation (105). EPA releases Ca 2 * from 
'ntoetluter stores while Inhibiting their, refining, thereby ac- 
tivating PKR PKR, in turn phosphorates and inhibHs eIF2 a . 
resulting In the Inhibition of protein synthesis at the level of 
hanstetion Initiation. Similarly, clotrimazole, a potent anBpro- 

Irferal^eagentfn^and/nvfra.inhtoitocengrowmftro^^ 
depletion of Ca 2+ stores, activation of PKR. and phospho- 
rytetion of elF2« (106). Consequently, clotrimazole preferen- 
tial V decreases the expression of cyclins A, E, and D1 
resulting In blockage of the cefl cycle In G v 

mda-7 is a novel tumor suppressor gene being developed 
as a gene therapy agent Adenoviral transfer of mda-7 (Ad- 
rndaT) Induces apoptosis In many cancer celts Including 
breast, colorectal, and lung cancer (107-109). Ad-mda7 also 

52? ^f^** PKR ' whlch ,eads to Phosphorylation 
of eiF2a and Induction of apoptosis (110). 

Flavonolds such as genlstein and quercetln suppress tu- 
mor cefl growth. All three mammalian elK>« kinases PKR. 
heme-regulated Inhibitor, and PERK/PEK, are activated by 

SSSSS&f 14 ond e,F4E: RNA 

Aritlsense expression of elF4A decreases the proliferation rate 
ofrnetenoma cells (112). Sequestration of eIRE by overexpres- 
f*" ^ P«>apoptotic and decreases tumorigenlclty 
013, 114). Reduction of elF4E with anttsense RNA decreases 
soft agar growth, Increases tumor latency, and Increases the 
rates of tumor doubling times (7). Anttsense elF4E RNA treat- 



ma* ate) reduces tho expression of angiogenic factors (115i 
and has been proposed asapotenttaJacP^vanttte 
^neckcanoer^partfeulailywhen elevated e)F4E is found In 



4E-BP1-blndlng domain of elF4E are proapoptotte (116) and 
are also being actively pursued. 1 ' 

Exploiting Selective} Translation for Gene Therapy 
A different therapeutic approach that takea advantage of trie 
enhanced cap-dependent translation In cancer cells to the use 
Z^^f^^^ encodJ "3 suicide genes with highly 
Sectored 5' UTRThese mRNA wouWihmbeataaxnpetittvo 
dbadvantage In normal cete and net translate weB, whereas In 
^^^^y^^^^emdhn^. For example. 
tt» "^xfuctton of the 5' ITO of trhrebtast growth factor-2 5' to 
^coding sequence of herpes simplex virus type-1 thymidine 
Khase gene, allows for selective translation of herpes simplex 
vims type-1 thymidine kinase gene In breast cancer ceO fines 
compared with normal mammary cefl lines and results In se- 
lective eensfttvity to ganciclovir (117). 

Toward the Future 

Tra ^° n w 8 ""^ 13,00683 * **** °* However, several 
alterations In transtetional control occur In cancer. Cancer cells 
appear to need an aberrantly activated transbtional state for 
survhal thus allowing the targeting of translation InRtetion with 
surprisingly low toxicity. Components of the translatlonal ma- 
chhay .such as elF4E, and signal transduction pathways bv 
voKred In translationlrtttation.suchmTOR repress 
targets for cancer therapy. Inhibitors of the mTOR have already 
shown some preliminary activity in clinical trials. It b possible 
that with the development of better predictive markers and 
better patient selection, response rates to single-agent therapy 
can be Improved. Similar to other cytostatic agents, however. 
mTOR Inhibitors are most Ocety to achieve cdnlcal utility In 
combination therapy. In the Interim, our Increasing understand- 
ing of translation Initiation and signal transduction pathways 
promise to lead to the IdenttHcation of new therapeutic tamets 
In the near future. 
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We have determined the relationship between mRNA and protein expression levels for selected genes 
expressed in the yeast Saccharomyces cerevisiae growing at mid-log phase. The proteins contained in total yeast 
cell lysate were separated by high-resolution two-dimensional (2D) gel electrophoresis. Over 150 protein spots 
were excised and identified by capillary liquid chromatography-tandem mass spectrometry (LC-MS/MS). 
Protein spots were quantified by metabolic labeling and scintillation counting. Corresponding mRNA levels 
were calculated from serial analysis of gene expression (SAGE) frequency tables (V. E. Velculescu, L. Zhang, 
W. Zhou, J. Vogelstein, M. A. Basrai, D. E. Bassett, Jr., P. Hieter, B. Vogelstein, and K. W. Kinzler, Cell 
88:243-251, 1997). We found that the correlation between mRNA and protein levels was insufficient to predict 
protein expression levels from quantitative mRNA data. Indeed, for some genes, while the mRNA levels were 
of the same value the protein levels varied by more than 20-fold. Conversely, invariant steady-state levels of 
certain proteins were observed with respective mRNA transcript levels that varied by as much as 30-fold. 
Another interesting observation is that codon bias is not a predictor of either protein or mRNA levels. Our 
results clearly delineate the technical boundaries of current approaches for quantitative analysis of protein 
expression and reveal that simple deduction from mRNA transcript analysis is insufficient. 



The description of the state of a biological system by the 
quantitative measurement of the system constituents is an es- 
sential but largely unexplored area of biology. With recent 
technical advances including the development of difFerential- 
display-PCR (21), of cDNA microarray and DNA chip tech- 
nology (20, 27), and of serial analysis of gene expression 
(SAGE) (34, 35), it is now feasible to establish global and 
quantitative mRNA expression profiles of cells and tissues in 
species for which the sequence of all the genes is known. 
However, there is emerging evidence which suggests that 
mRNA expression patterns are necessary but are by them- 
selves insufficient for the quantitative description of biological 
systems. This evidence includes discoveries of post transcrip- 
tional mechanisms controlling the protein translation rate (15), 
the half-lives of specific proteins or mRNAs (33), and the 
intracellular location and molecular association of the protein 
products of expressed genes (32). 

Proteome analysis, defined as the analysis of the protein 
complement expressed by a genome (26). has been suggested 
as an approach to the quantitative description of the state of a 
biological system by the quantitative analysis of protein expres- 
sion profiles (36). Proteome analysis is conceptually attractive 
because of its potential to determine properties of biological 
systems that are not apparent by DNA or mRNA sequence 
analysis alone. Such properties include the quantity of protein 
expression, the subcellular location, the state of modification, 
and the association with ligands, as well as the rate of change 
with time of such properties. In contrast to the genomes of a 
number of microorganisms (for a review, see reference 1 1) and 
the transcriptome of Saccharomyces cerevisiae (35), which have 
been entirely determined, no proteome map has been com- 
pleted to date. 

The most common implementation of proteome analysis is 
the combination of two-dimensional gel electrophoresis (2DE) 
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(isoelectric focusing-sodium dodecyl sulfate [SDS]-po!yacryl- 
amide gel electrophoresis) for the separation and quantitation 
of proteins with analytical methods for their identification. 
2DE permits the separation, visualization, and quantitation of 
thousands of proteins reproducibly on a single gel (18, 24). By 
itself, 2DE is strictly a descriptive technique. The combination 
of 2DE with protein analytical techniques has added the pos- 
sibility of establishing the identities of separated proteins (I, 2) 
and thus, in combination with quantitative mRNA analysis, of 
correlating quantitative protein and mRNA expression mea- 
surements of selected genes. 

The recent introduction of mass spectrometric protein anal- 
ysis techniques has dramatically enhanced the throughput and 
sensitivity of protein identification to a level which now permits 
the large-scale analysis of proteins separated by 2DE. The 
techniques have reached a level of sensitivity that permits the 
identification of essentially any protein that is detectable in the 
gels by conventional protein staining (9, 29). Current protein 
analytical technology is based on the mass spectrometric gen- 
eration of peptide fragment patterns that are idiotypic for the 
sequence of a protein. Protein identity is established by corre- 
lating such fragment patterns with sequence databases (10, 22, 
37). Sophisticated computer software (8) has automated the 
entire process such that proteins are routinely identified with 
no human interpretation of peptide fragment patterns. 

In this study, we have analyzed the mRNA and protein levels 
of a group of genes expressed in exponentially growing cells of 
the yeast S. cerevisiae. Protein expression levels were quantified 
by metabolic labeling of the yeast proteins to a steady state, 
followed by 2DE and liquid scintillation counting of the se- 
lected, separated protein species. Separated proteins were 
identified by in-gel tryptic digestion of spots with subsequent 
analysis by microspray liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) and sequence database searching. 
The corresponding mRNA transcript levels were calculated 
from SAGE frequency tables (35). 

This study, for the first time, explores a quantitative com- 
parison of mRNA transcript and protein expression levels for 
a relatively large number of genes expressed in the same met- 
abolic state. The resultant cot relation is insufficient for predic- 
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FIG. 1. Schematic illustration of protcomc analysis by 2DE and mass spectrometry. In pari I. proteins arc separated by 2DE, stained spots arc excised and subjected 
to in-gcl digestion with trypsin, and the resulting peptides are separated by on-line capillary high-performance liquid chromatography. In part 11, a peptide is shown 
eluting from the column in part 1. The peptide is ionized by electrospray ionization and enters the mass spectrometer. The mass of the ionized peptide is detected, and 
the first quadrupole mass filter allows only the specific mass-to-charge ratio of the selected peptide ion to pass into the collision ceil. In the collision cell, the energized, 
ionized peptides collide with neutral argon gas molecules. Fragmentation of the peptide is essentially random but occurs mainly at the peptide bonds, resulting in smaller 
peptides of differing lengths (masses). These peptide fragments are detected as a tandem mass (MS/MS) spectrum in the third quadrupole mass filter where two ion 
series are recorded simultaneously, one each from sequencing inward from the N and C termini of the peptide, respectively. In part III, the MS/MS spectrum from the 
selected, ionized peptide is compared to predicted tandem mass spectra computer generated from a sequence database. Provided that the peptide sequence exists in 
the database, the peptide and, by association, the protein from which the peptide was derived can be identified. Unambiguous protein identification is attained in a single 
anajysis because multiple peptides arc identified as being derived from the same protein. 



tion of protein levels from mRNA transcript levels. We have 
also compared the relative amounts of protein and mRNA 
with the respective codon bias values for the corresponding 
genes. This comparison indicates that codon bias by itself is 
insufficient to accurately predict either the mRNA or the pro- 
tein expression levels of a gene. In addition, the results dem- 
onstrate that only highly expressed proteins are detectable by 
2DE separation of total cell lysates and that therefore the 
construction of complete proteome maps with current technol- 
ogy will be very challenging, irrespective of the type of organ- 
ism. 

MATERIALS AND METHODS 

Yeast strain and growth conditions. The source of protein and message tran- 
scripts for all experiments was YPH499 (AM 7a um3-52 lysZ-SOl aJc2-WI 
Itu2-±I his3-&2V0trpI-&63) (30). Logarithmically growing cells were obtained by 
growing yeast cells to early log phase (3 X 10' 'eel is/ml) in YPD rich medium 
( YPD supplemented with f> mM uracil, 4.8 mM adenine, and 24 mM tryptophan! 
at 30°C(35). Metabolic labeling of protein was accomplished in YPD medium 



exactly as described elsewhere (4) with the exception that 1 ml of cells was 
labeled with 3 mCi to offset methionine present in YPD medium. Protein was 
harvested as described by Garrels and coworkers (12). Harvested protein was 
lyophiltzcd, resuspended in isoelectric focusing gel rehydration solution, and 
stored at -80°C 

2DE. Soluble proteins were run in the first dimension by using a commercial 
flatbed electrophoresis system (Multiphor II; Pharmacia Biotech). Immobilized 
polyacrylamidc gel (IPG) dry strips with nonlinear pH 3.0 to 10.0 gradients 
(Amcrsham-Pharmacia Biotech) were used for the first-dimension separation. 
Forty micrograms of protein from whole-cell lysates was mixed with IPG strip 
rehydration buffer (8 M urea, 2% Nonidet P-40, 10 mM dithiothreitol), and 250 
10 380 m-1 of solution was added to individual lanes of an IPG strip rehydration 
tray (Amcrsham-Pharmacia Biotech). The strips were allowed to rehydrate at 
room temperature for I h. The samples were run at 300 V-10 mA-5 W for 2 h, 
then ramped to 3,500 V-10 mA-5 W over a period of 3 h. and then kept at 3.500 
V-10 mA-5 W for 15 to 19 h. At the end of the first-dimension run (60 to 70 kV - 
h), the IPG strips were rcequilibrated for 8 min in 2% (wt/vol) dithiothreitol in 
2% ( wl/vol) SDS-6 M urca-30% (wtA-ol) glyccrol-0.05 M Tris 1 1 CI (pH 6.8) and 
for 4 min in 2.5% iodoacet amide in 2% (wt/vol) SDS-6 M uiea-30% (wt/vol) 
glyccrol-0.05 M Tris HCI (pll 6.8). Following reequilibration. the strips were 
transferred and apposed to 10% polyacrylamidc second-dimension gels. Poly- 
acrylamidc gels were poured in a casting stand with 10% acrylamidc-2.67^ 
pipcnixinc diaerylamide-0.375 M Tris hasc-HCI (pH 8.8)-0. 1 % (wi/Vol) SDS-0.05% 
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FIG. 2. 2D silver-stained gel of the proteins in yeast total cell lysate. Proteins were separated in the first dimension (horizontal) by isoelectric focusing and then in 
the second dimension (vertical) by molecular weight sieving. Protein spots (156) were chosen to include the entire range of molecular weights, isoelectric focusing points, 
and staining intensities. Spots were excised, and the corresponding protein was identified by mass spectrometry and database searching. The spots are labeled on the 
gel and correspond to the data presented in Table 1. Molecular weights arc given in thousands. 



(wt/'vol) ammonium persuIfate-0.05% TEMED (A^A'^V'^'-tetramethylethyl- 
enediamine) in Milli-Q water. The apparatus used to run second-dimension gels 
was a noncommercial apparatus from Oxford Glycosciences, Inc. Once the IPG 
strips were apposed to the second-dimension gels, they were immediately run at 
50 mA (constant)-500 V-85 W for 20 min, followed by 200 mA (const am)-500 
V-85 W until the buffer front line was 10 to 15 mm from the bottom of the gel. 
Gels were removed and silver stained according to the procedure of Shevchcnko 
"eta I. (29). 

Protein identification. Gels were exposed to X-ray film overnight, and then the 
silver staining and film were used to excise 156 spots of varying intensities, 
molecular weights, and isoelectric focusing points. In order to increase the 
detection limit by mass spectrometry, spots were cut out and pooled from up to 
four identical cold, silver-stained gels. In-gcl tryptic digests of pooled spots were 
performed as described previously (29). Tryptic peptides were analyzed by mi- 
croc;ipiilarv LC-MS with automated switching to MS/MS mode for peptide 
fragmentation. Spectra were searched against the composite OWL protein se- 
quence database (version 30.2: 250.514 protein sequences) (24a) by using the 
computer program Scquest (8). which matches theoretical and acquired tandem 
mass spectra. A protein match was determined by comparing the number of 
peptides identified and their respective cross-iorTclation scores. All protein 
identifications were verified by comparison with theoretical molecular weights 
and isoelectric points. 



mRNA quantitation. Velculescu and coworkers have previously generated 
frequency tables for yeast mRNA transcripts from the same strain grown under 
the same stated conditions as described herein (35). The SAGE technology is 
based on two main principles. First, a short sequence tag (15 bp) that contains 
sufficient information uniquely to identify a transcript is generated. A single tag 
is usually generated from each mRNA transcript in the cell which corresponds to 
15 bp at the 3 -most cutting site for NlaUl. Second, many transcript tags can be 
concatenated into a single molecule and then sequenced, revealing the identity of 
multiple tags simultaneously. Over 20,000 transcripts were sequenced from yeast 
strain YPH499 growing at mid-log phase on glucose. Assuming the previously 
derived estimate of 15,000 mRNA molecules per ceil (16), this would represent 
a 1.3-fold coverage even for mRNA molecules present at a single copy per cell 
and would provide a 72% probability of detecting such transcripts. Computer 
software which took for input the gene detected, examined the nucleotide se- 
quence, and performed the ealculalion as described by Velculescu and coworkers 
(35) was written. In practice, we found that for 21 of 128 (16%) genes examined 
viable mRNA levels from SAGE data could not be calculated. This was because 
(i) no CATG site was found in the open reading frame (ORF). (ii) a CATG site 
was found but the corresponding 10-bp putative SAGE tag was not found in the 
frequency tables, or (iii) identical putative SAGE tags were present for multiple 
genes (e.g.. TDH2_ YEAST and TDH3_ YEAST). 
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TABLE 1. Expressed genes identified from 2D gel in Fig. 2 TABLE 1— Continued 



Mol wt 


Pi 


Spot no. 


name" 


Protein 

dUUllUuliLC 

(10 3 copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 
bias 


Mol wt 


pi 


Spot no. 


YPD gene 
name" 


Protein 
abundance 
(10 3 copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Cf\iinn 

v^oaon 
bias 


17,259 


6.75 


133 


CPR1 


15.2 


61.7 


0.769 


39,477 


5.58 


86 


FBA1 


17.8 


183.6 


0.935 


18,702 


4.80 


83 


EGD2 


20.1 


5.2 


0.724 


39,477 


5.58 


87 


FBA1 


427.2 


183.6 


0.935 


18,726 


4.44 


147 


YKL056C 


61.2 


88.4 


0.831 


39,540 


6.50- 


150 


HOM2 


60.3 


4.5 


0.592 


18,978 


5.95 


135 


YER067W 


3.7 


6.7 


0.118 


39,561 


6.12 


156 


PSA1 


96.4 


27.5 


0.718 


19,108 


5.04 


130 


YLR109W 


94.4 


9.7 


0.680 


41,158 


6.01 


49 


YNL134C 


14.9 


1.5 


0.316 


19,681 


9.08 


136 


ATP7 


11.0 


NA*' 


0.246 


41,623 


7.18 


58 


BAT2 


19.0 


8.9 


0.250 


20,505 


6.07 


111 


GUK1 


16.5 


3.7 


0.422 


41,728 


7.29 


110 


ERG10 


24.1 


4.5 


0.543 


21,444 


5.25 


148 


SARI 


5.4 


10.4 


0.455 


41,900 


5.42 


74 


TOM40 


22.3 


2.2 


0.375 


21,583 


4.98 


95 


TSA1 


110.6 


40.1 


0.845 


42,402 


6.29 


45 


CYS3 


6.7 


8.9 


0.621 


22,602 


4.30 


80 


EFB1 


66.1 


23.8 


0.875 


42,883 


5.63 


67 


DYS1 


15.8 


5.2 


0.526 


23,079 


6.29 


112 


SOD2 


12.6 


2.2 


0.351 


43,409 


6.31 


107 


SER1 


10.5 


1.5 


0.292 


23,743 


5.44 


137 


HSP26 


NA d 


0.7 


0.434 


43,421 


559 


91 


ERG6 


2.2 


14.1 


0.408 


24,033 


5.97 


96 


ADK1 


17.4 


16.4 


0.656 


44,174 


7.32 


56 


YBR025C 


13.1 


6.0 


0.684 


24,058 


4.43 


143 


YKL117W 


29.2 


10.4 


0.339 


44,682 


4.99 


72 


T1F1 


2.9 


39.4 


0.834 


24,353 


6.30 


140 


TFS1 


8.1 


0.7 


0.146 


44,707 


7.77 


108 


PGK1 


23.7 


165.7 


0.897 


24,662 


5.85 


99 


URA5 


25.4 


6.0 


0.359 


44,707 


7.77 


109 


PGK1 


315.2 


165.7 


0.897 


24,808 


6.33 


97 


GSP1 


26.3 


5.2 


0.735 


46,080 


6.72 


30 


CAR2 


" 15.4 


NA C 


0.495 


24,908 


8.73 


122 


RPS5 


18.6 


NA C 


0.899 


46,383 


8.52 


53 


I DPI 


7.7 


0.7 


0.436 


25,081 


4.65 


81 


MRP8 


9.3 


NA C 


0.241 


. 46,553 


5.98 


47 


IDP2 


32.4 


NA f 


0.197 


25,960 


6.06 


116 


RPE1 


5.8 


0.7 


0.372 


46,679 


639 


50 


ENOl 


35.4 


0.7 


0.930 


26,378 


9.55 


127 


RPS3 


96.8 


NA C 


0.863 


46,679 


639 


51 


ENOl 


6.6 


0.7 


0.930 


26,467 


5.18 


100 


VMA4 


10.5 


3.7 


0.427 


46,679 


639 


52 


ENOl 


2.2 


0.7 


0.930 


26,661 


5.84 


98 


TPI1 


NA J 


NA C 


0.900 


46,773 


5.82 


63 


EN02 


15.5 


289.1 


0.960 


27,156 


5.56 


93 


PRE8 


6.9 


0.7 


0.129 


46,773 


5.82 


64 


EN02 


635.5 


289.1 


0.960 


27,334 


6.13 


115 


YHR049W 


18.4 


2.2 


0.520 


46,773 


5.82 


65 


EN02 


93.0 


289.1 


0.960 


27,472 


5.33 


92 


YNL010W 


31.6 


3.7 


0.421 


46,773 


5.82 


66 


EN02 


31.0 


289.1 


0.960 


27,480 


8.95 


123 


GPM1 


10.0 


169.4 


0.902 


47,402 


6.09 


126 


CORl 


2.5 


0.7 


0.422 


27,480 


8.95 


124 


GPM1 


231.4 


169.4 


0.902 


47,666 


8.98 


54 


AAT2 


11.7 


6.0 


0.338 


27,480 


8.95 


125 


GPM1 


7.5 


169.4 


0.902 


48364 


5.25 


73 


WTM1 


74.5 


13.4 


0.365 


27,809 


5.97 


139 


HOR2 


. -5.7 


0.7 


0.381 


48.530 


6.20 


61 


MET17 


38.1 


29.0 


0.576 


27,874 


.4.46 


78 


YST1 


13.6 


52.8 


0.805 


48,904 


5.18 


69 


LYS9 


16.2 


3.7 


0.463 


28,595 


4.51 


41 . 


PUP2 


4.4 


0.7 


0.147 


48,987 


4.90 


153 


SUP45 


29.6 


11.9 


0.377 


29,156 


6.59 


114 


YMR226C 


14.5 


2.2 


0.283 


49,727 


5.47 


70 


PR02 


13.6 


5.2 


0.297 


29,244 


8.40 


120 


DPMI 


5.0 


11.2 


0.362 


49,912 


9.27 


62 


TEF2 


558.5 


282.0 


0.932 


29,443 


5.91 


48 


PRE4 


3.4 


3.7 


0.162 


50,444 


5.67 


35 


YDR190C 


4.8 


2.2 


0.228 


30,012 


6.39 


138 


PRB1 


21.2 


1.5 


0.449 


50,837 


6.11 


32 


YEL047C 


3.8 


1.5 


0.387 


30.073 


4.63 


77 


BMH1 


14.7 


28.2 


0.454 


50,891 


4.59 


151 


TUB2 


11.2 


7.4 


0.404 


30,296 


7.94 


121 


OMP2 


67.4 


41.6 


0.499 


51,547 


6.80 


27 


LPD1 


18.9 


2.2 


0351 


30.435 


6.34 


89 


GPP1 


70.2 


11.2 


0.703 


52,216 


7.25 


29 


SHM2 


19.7 


7.4 


0.722 


31.332 


5.57 


88 


ILV6 


13.9 


3.0 


0.402 


52,859 


5.54 


37 


YFR044C 


30.2 


6.7 


0.442 


32.159 


5.46 


113 


1PP1 


63.1 


3.7 


0.752 


53,798 


5.19 


71 


HXK2 


26.5 


7.4 


0.756 


32.263 


6.00 


149 


HIS1 


22.4 


4.5 


0.232 


53,803 


6.05 


145 


GYP6 


4.4 


0.7 


0.147 


33,311 


5.35 


84 


SPE3 


15.1 


6.7 


0.468 


54,403 


5.29 


39 


ALD6 


37.7 


2.2 


0.664 


34,465 


5.60 


129 


ADE1 


8.7 


5.2 


0.305 


54,403 


5.29 


40 


ALD6 


6.6 


2.2 


0.664 


34,762 


5.32 


85 


SEC14 


10.9 


6.0 


0.373 


54,502 


6.20 


31 


ADE13 


6.3 


1.5 


0.417 


34,797 


5.85 


42 


URA1 


49.5 


8.9 


0.237 


54,543 


7.75 


25 


PYK1 


225.3 


101.8 


0.965 


34,799 


6.04 


90 


BEL1 


103.2 


81.0, 


0.875 


54,543 


7.75 


26 


PYK1 


39.8 


101.8 


0.965 


35,556 


5.97 


43 


YDL124W 


6.4 


4.5 


0.206 


55,221 


6.66 


146 


YEL071W 


163 


3.0 


0.244 


35,619 


8.41 


59 


TDH1 


69.8 


32.7 C 


0.940 


55,295 


4.35 


134 


PD11 


66.2 


14.1 


0.589 


35,650 


5.49 


68 


CAR1 


5.2 


3.0 


0.339 


55,364 


5.98 


24 


GLK1 


22.6 


6.0 


0.237 


35,712 


6.72 


117 


TDH2 


49.6 


473.0 1 " 


0.982 


55,481 


7.97 


118 


ATP1 


21.6 


2.2 


0.637 


35,712 


6.72 


154 


TDH2 


863.5 


473.0 C 


0.982 


55.886 


6.47 


28 


CYS4 


22.2 


NA r 


0.444 


35,712 


6.72 


155 


TDH2 


79.4 


473.(f 


0.982 


56.167 


5.83 


33 


AR08 


143 


3.0 


0324 


36,272 


4.85 


128 


APA1 


8.7 


0.7 


0.425 


56.167 


5.83 


34 


AROS 


9.1 


3.0 


0324 


36,358 


5.05 


75 


YJR105W 


17.6 


17.1 


0.522 


56.584 


6.36 


20 


CYB2 


18.9 


NA' : 


0.259 


36358 


5.05 


76 


YJR105W 


27.5 


17.1 


0.522 


57366 


5.53 


60 


FRS2 


2.3 


0.7 


0.451 


36,596 


6.37 


79 


ADH2 


58.9 


260.0* 


0.711 


57383 


5.98 


144 


ZWFI 


5.6 


0.7 


0.215 


36.714 


6.30 


102 


ADH1 


746.1 


260.0 


0.913 


57.464 


5.49 


36 


THR4 


21.4 


3.7 


0.508 


36.714 


6.30 


103 


ADH1 


17.6 


260.0 


0.913 


57,512 


5.50 


7 


SRV2 


6.5 


NA 4 ' 


0.26O 


36.714 


6.30 


104 


ADH1 


61.4 


260.0 


0.913 


57,727 


4.92 


152 


VMA2 


33.7 


8.9 


0.546 


36.714 


6.30 


105 


ADH1 


52.7 


260.0 


0.913 


58,573 


6.47 


17 


ACHl 


4.4 


1.5 


0.327 


37,033 


6.23 


44 


TALI 


44.8 


3.7 


0.701 


58,573 


6.47 


18 


ACH1 


5.4 


1.5 


0327 


37.796 


7.36 


57 


1DH2 


29.4 


6.7 


0.330 


61,353 


5.87 


21 


PDC1 


6.5 


200.7 


0.962 


37,886 


6.49 


106 


ILV5 


76.0 


4.5 


0.892 


61353 


5.87 


22 


PDC1 


303.2 


200.7 


0.962 


38.700 


7.83 


55 


BAT1 


30.9 


11.2 


0.469 


61,353 


5.87 


23 


PDC1 


163 


200.7 


0.962 


38.702 


6.24 


46 


QCR2 


NA J 


? ? 


0.326 


61,649 


5.54 


38 


CCT8 


2.2 


1.5 


0.271 
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TABLE \— Continued 



Mol wt 


Pi 


Spot no. 


irv gene 


Protein 
jibundsncc 
(10 3 copies/ 
cell) 


mRNA 
abundance 
(copies/cell) 


Codon 


61,902 


6.21 


101 


PDC5 


43 


NA C 


0.828 


62,266 


6.19 


16 


ICL1 


20.1 


NA C 


0.327 


62,862 


8.02 


19 


1LV3 


5.3 


4.5 


0.548 


63,082 


6.40 


119 


PGM2 


2.2 


3.0 


0.402 


64,335 


5.77 


5 


PAB1 


30.4 


1.5 


0.616 


66,120 


5.42 


8 


ST11 


6.7 


0.7 


0313 


66,120 


5.42 


9 


STI1 . 


6.4 


0.7 


0313 


66,450 


5.29 


141 


SSB2 


7.0 


NA C 


0.880 


66,450 


5.29 


142 


SSB2 


2.3 


NA C 


0.880 


66,456 


5.23 


10 


SSB1 


64.5 


79.5 


0.907 


66,456 


5.23 


11 


SSB1 


59.0 


79.5 


0.907 


66,456 


5.23 


12 


SSB1 


13.7 


79.5 


0.907 


68,397 


5.82 


82 


LEU4 


3.1 


3.0 


0.407 


69,313 


4.90 


13 


SSA2 


24.3 


18.6 


0.892 


69,313 


4.90 


14 


SSA2 


77.1 


18.6 


0.892 


74^78 


8.46 


15 


YKL029C 


2.8 


3.7 


0353 


75,396 


5.82 


6 


GRS1 


5.5 


7.4 ' 


0.500 


85,720 


6.25 


1 


MET6 


2.0 


NA C 


0.772 


85,720 


6.25 


2 


MET6 


10.9 


NA C 


0.772 


85,720 


6.25 


3 


MET6 


1.4 


NA C 


0.772 


.93,276 


6.11 


131 


EFT1 


17.9 


41.6 


0.890 


93.276 


6.11 


132 


EFT1 


5.7 


41.6 


0.890 


102,064* 


6.61' 


94 


ADE3 


4.8 


5.2 


0.423 


107,482" 


5.33" 


4 


MCM3 


2.7 


NA <: 


0.240 



a YPD gene names arc available from the YPD website (39). 
*NA, calculation could not be performed or was not available. 
' mRNA data inconclusive or NA. 

rf No methionines in predicted ORF; therefore, protein concentration was not 
determined. 

* Measured molecular weight or pi did not match theoretical molecular weight 
or pi. 



Protein quantitation. [ %5 S]methionine-labeled gels were exposed to X-ray film 
overnight, and then the silver stain and film were used to excise 156 spots of 
varying intensities, molecular weights, and pis. The excised spots were placed in 
(J.6-ml microcentrifuge tubes, and scintillation cocktail (100 u,l) was 3ddcd. The 
samples were vortexed and counted. In addition, two parallel gels were electro- 
blotted to polyvinylidcnc difluoridc membranes. The membranes were exposed 
to X-ray film, and four intense single spots were excised from each membrane 
and subjected to amino acid analysis. For these four spots, a mean of 209 ± 4 
cpm/pmol of protein/mclhionine was found. This number was used to quantitatc 
all remaining spots in conjunction with the number of methionines present in the 
protein. 

To ensure that proteins were labeled to equilibrium, parallel 2D gels were 
prepared and run on yeast metabolically labeled for 1, 2, 6, or 18 h. The 
corresponding 156 spots were excised from each gel. and radioactivity was mea- 
sured by liquid scintillation counting for each spot. Calculated protein levels were 
highly reproducible for all time points measured after 1 h. 

Calculation of codon bias and predicted half-life. Codon bias values were 
extracted from the YPD spreadsheet (17). Protein half-lives were calculated 
based on the N-cnd rule (33). When the N- terminal processing was not known 
experimentally, it was predicted based on the affinity of methionine aminopep- 
tidasc(31). 

RESULTS 

Characteristics of proteonie approach. Nearly every facet of 
proteome analysis hinges on the unambiguous identification of 
large numbers of expressed proteins in cells. Several tech- 
niques have been described previously for the identification of 
proteins separated by 2DE, including N-terminal and internal 
sequencing (1. 2), amino acid analysis (38), and more recently 
mass spectrometry (25). We utilized techniques based on mass 
spectrometry because they afford the highest levels of sensitiv- 
ity and provide unambiguous identification. The specific pro- 
cedure used is schematically illustrated in Fig. 1 and is based 
on three principles. First, proteins are removed from the gel by 



proteolytic in-gel digestion, and the resulting peptides are sep- 
arated by on-line capillary high-performance liquid chromatog- 
raphy. Second, the eluting peptides are ionized and detected, and 
the specific peptide ions are selected and fragmented by the 
mass spectrometer. To achieve this, the mass spectrometer 
switches between the MS mode (for peptide mass identifica- 
tion) and the MS/MS mode (for peptide characterization and 
sequencing). Selected peptides are fragmented by a process 
called collision-induced dissociation (CID) to generate a tan- 
dem mass spectrum (MS/MS spectrum) that contains the pep- 
tide sequence information. Third, individual CID mass spectra 
are then compared by computer algorithms to predicted spec- 
tra from a sequence database. This results in the identification 
of the peptide and, by association, the protein(s) in the spot. 
Unambiguous protein identification is attained in a single anal- 
ysis by the detection of multiple peptides derived from the 
same protein. 

Protein identification. Yeast total cell protein lysate (40 jxg), 
metabolically labeled with [ 35 S]methionine, was electro- 
phoretically separated by isoelectric focusing in the first dimen- 
sion and by SDS-10% polyacrylamide gel electrophoresis in 
the second dimension. Proteins were visualized by silver stain- 
ing and by autoradiography. Of the more than 1,000 proteins 
visible by silver staining, 156 spots were excised from the gel 
and subjected to in-gel tryptic digestion, and the resulting 
peptides were analyzed and identified by microspray LC- 
MS/MS techniques as described above. The proteins in this 
study were all identified automatically by computer software 
with no human interpretation of mass spectra. They are indi- 
cated in Fig. 2 and detailed in Table 1. 

The CID spectra shown in Fig. 3 indicate that the quality of 
the identification data generated was suitable for unambiguous 
protein identification. The spectra represent the amino acid 
sequences of tryptic peptides NSGDI VNLGS1 AG R (Fig. 3A) 
and FAVGAFTDSLR (Fig. 3B). Both peptides were derived 
from protein S57593 (hypothetical protein YMR226C), which 
migrated to spot 114 (molecular weight, 29,156; pi, 6.59) in the 
2D gel in Fig. 2. Five other peptides from the same analysis 
were also computer matched to the same protein sequence. 

Protein and mRNA quantitation. For the 156 genes investi- 
gated, the protein expression levels ranged from 2,200 (PGM2) 
to 863,000 (TDH2/TDH3) copies/cell. The levels of mRNA for 
each of the genes identified were calculated from SAGE fre- 
quency tables (35). These tables contain the mRNA levels for 
4,665 genes in yeast strain YPH499 grown to mid-log phase in 
YPD medium on glucose as a carbon source. In some in- 
stances, the mRNA levels could not be calculated for reasons 
stated in Materials and Methods. For the proteins analyzed in 
this study, mean transcript levels varied from 0.7 to 473 copies/ 
cell. 

Selection of the sample population for mRNA-protein ex- 
pression level correlation. The protein spots selected for iden- 
tification were selected from spots visible by silver staining in 
the 2D gel. An attempt was made not to include spots where 
overlap with other spots was readily apparent. The number of 
proteins identified was 156 (Table 1). Some proteins migrated 
to more than one spot (presumably due to differential protein 
processing or modifications), and protein levels from these 
spots were calculated by integrating the intensities of the dif- 
ferent spots. The 156 protein spots analyzed represented the 
products of 128 different genes. Genes were excluded from the 
correlation analysis only if part of the data set was missing; i.e.. 
genes were excluded if (i) no mRNA expression data were 
available for the protein or putative SAGE tags were ambig- 
uous, (ii) the amino acid sequence did not contain methionine, 
(iii) more than a single protein was conclusively identified as 
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FIG. 3. Tandem mass (MS/MS) spectra resulting from analysis of a single spot on a 2D gel. The first quadrupole selected a single mass-to-chargc ratio (m/z) of 687.2 
(A) or 592.6 (B), while the collision cell was filled with argon gas, and a voltage which caused the peptide to undergo fragmentation by CID was applied. The third 
quadrupole scanned the mass range from 50 to 1,400 m/z. The computer program Sequcst (8) was utilized to match MS/MS spectra to amino acid sequence by database 
searching. Both spectra matched peptides from the same protein, S57593 (yeast hypothetical protein YMR226C). Five other peptides from the same analysis were 
matched to the same protein. 



migrating to the same gel spot, or (iv) the theoretical and 
observed pis and molecular weights could not be reconciled. 
After these criteria were applied, the number of genes used in 
the correlation analysis was 106. 



Cod on bias and predicted half-lives. Codon bias is thought 
to be an indicator of protein expression, with highly expressed 
proteins having large codon bias values. The codon bias distri- 
bution for the entire set of more than 6.000 predicted yeast 
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gene ORFs is presented in Fig. 4A. The interval with the 
largest frequency of genes is between the codon bias values of 
0.0 and 0.1. This segment contains more than 2,500 genes. The 
distribution of the codon bias values of the 128 different genes 
found in this study (all protein spots from Fig. 2) is shown in 
Fig. 4B, and protein half-lives (predicted from applying the 
N-end rule [33] to the experimentally determined or predicted 
protein N termini) are shown in Fig. 4C. No genes were iden- 
tified with codon bias values less than 0.1 even though thou- 
sands of genes exist in this category. In addition, nearly all of 
the proteins identified had long predicted half-lives (greater 
than 30 h). 

Correlation of mRNA and protein expression levels. The 
correlation between mRNA and protein levels of the genes 
selected as described above is shown in Fig. 5. For the entire 
group (106 genes) for which a complete data set was gener- 
ated, there was a general trend of increased protein levels 
resulting from increased mRNA levels. The Pearson product 
moment correlation coefficient for the whole data set (106 
genes) was 0.935. This number is highly biased by a small 
number of genes with very large protein and message levels. A 
more representative subset of the data is shown in the inset of 
Fig. 5. It shows genes for which the message level was below 10 
copies/cell and includes 69% (73 of 106 genes) of the data used 
in the study. The Pearson product moment correlation coeffi- 
cient for this data set was only 0.356. We also found that levels 
of protein expression coded for by mRNA with comparable 
abundance varied by as much as 30-fold and that the mRNA 
levels coding for proteins with comparable expression levels 
varied by as much as 20-fold. 

The distortion of the correlation value induced by the un- 
even distribution of the data points along the x axis is further 
demonstrated by the analysis in Fig. 6. The 106 samples in- 
cluded in the study were ranked by protein abundance, and the 
Pearson product moment correlation coefficient was repeat- 
edly calculated after including progressively more, and higher- 
abundance, proteins in each calculation. The correlation values 
remained relatively stable in the range of 0.1 to 0.4 if the 
lowest -expressed 40 to 95 proteins used in this study were 
included. However, the correlation value steadily climbed by 
the inclusion of each of the 11 very highly expressed proteins. 

Correlation of protein and mRNA expression levels with 
codon bias. Codon bias is the propensity for a gene to utilize 
the same codon to encode an amino acid even though other 
codons would insert the identical amino acid in the growing 
polypeptide sequence. It is further thought that highly ex- 
pressed proteins have large codori biases (3). To assess the 
value of codon bias for predicting mRNA and protein levels in 
exponentially growing yeast cells, we plotted the two experi- 
mental sets of data versus the codon bias (Fig. 7). The distri- 
bution patterns for both mRNA and protein levels with respect 
to codon bias were highly similar. There was high variability in 
the data within the codon bias range of 0.8 to 1.0. Although a 
large codon bias generally resulted in higher protein and mes- 
sage expression levels, codon bias did not appear to be predic- 
tive of either protein levels or mRNA levels in the cell. 

DISCUSSION 

The desired end point for the description of a biological 
system is not the analysis of mRNA transcript levels alone but 
also the accurate measurement of protein expression levels and 
their respective activities. Quantitative analysis of global 
mRNA levels currently is a preferred method for the analysis 
of the state of cells and tissues (1.1). Several methods which 
either provide absolute mRNA abundance (34, 35) or relative 
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mRNA levels in comparative analyses (20, 27) have been de- 
scribed elsewhere. The techniques are fast and exquisitely sen- 
sitive and can provide mRNA abundance for potentially any 
expressed gene. Measured mRNA levels are often implicitly or 
explicitly extrapolated to indicate the levels of activity of the 
corresponding protein in the cell. Quantitative analysis of pro- 
tein expression levels (proteome analysis) is much more time- 
consuming because proteins are analyzed sequentially one by 
one and is not general because analyses are limited to the 
relatively highly expressed proteins. Proteome analysis does, 
however, provide types of data that are of critical importance 
for the description of the state of a biological system and that 
are not readily apparent from the sequence and the level of 
expression of the mRNA transcript. This study attempts to 
examine the relationship between mRNA and protein expres- 
sion levels for a large number of expressed genes in cells 
representing the same state. 

Limits in the sensitivity of current protein analysis technol- 
ogy precluded a completely random sampling of yeast proteins. 
We therefore based the study on those proteins visible by silver 
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FIG. 5. Correlation between protein and mRNA levels for 106 genes in yeast growing at log phase with glucose as a carbon source. mRNA and protein levels were 
calculated as described in Materials and Methods. The data represent a population of genes with protein expression levels visible by silver staining on a 2D gel chosen 
to include the entire range of molecular weights, isoelectric focusing points, and staining intensities. The inset shows the low-end portion of the main figure. It contains 
69% of the original data set. The Pearson product moment correlation for the entire data set was 0.935. The correlation for the inset containing 73 proteins (69%) was 
only 0.356. 



staining on a 2D gel. Of the more than 1,000 visible spots, 156 
were chosen to include the entire range of molecular weights, 
isoelectric focusing points, and staining intensities displayed on 
the 2D protein pattern. The genes identified in this study 
shared a number of properties. First, all of the proteins in this 
study had a codon bias of greater than 0.1 and 93% were 
greater than 0.2 (Fig. 4B). Second, with few exceptions, the 
proteins in this study had long predicted half-lives according to 
the N-end rule (Fig. 4C). Third, low-abundance proteins with 
regulatory functions such as transcription factors or protein 
kinases were not identified. 

Because the population of proteins used in this study ap- 
pears to be fairly homogeneous with respect to predicted half- 
life and codon bias, it might be expected that the correlation of 
the mRNA and protein expression levels would be stronger for 
this population than for a random sample of yeast proteins. We 
tested this assumption by evaluating the correlation value if 
different subsets of the available data were included in the 
calculation. The 106 proteins were ranked from lowest to high- 
est protein expression level, and the trend in the correlation 
value was evaluated by progressively including more of the 
higher-abundance proteins in the calculation (Fig. 6). The cor- 
relation value when only the lower-abundance 40 to 93 pro- 
teins were examined was consistently between 0.1 and 0.4. Jf 
the 11 most abundant proteins were included, the correlation 
steadily increased to 0.94. We therefore expect that the corre- 
lation for all yeast proteins or for a random selection would be 
less than 0.4. The observed level of correlation between 
mRNA and protein expression levels suggests the importance 



of posttranslational mechanisms controlling gene expression. 
Such mechanisms include translational control (15) and con- 
trol of protein half-life (33). Since these mechanisms are also 
active in higher eukaryotic cells, we speculate that there is no 
predictive correlation between steady-state levels of mRNA 
and those of protein in mammalian cells. 

Like other large-scale analyses, the present study has several 
potential sources of error related to the methods used to de- 
termine mRNA and protein expression levels. The mRNA 
levels were calculated from frequency tables of SAGE data. 
This method is highly quantitative because it is based on actual 
sequencing of unique tags from each gene, and the number of 
times that a tag is represented is proportional to the number of 
mRNA molecules for a specific gene. This method has some 
limitations including the following: (i) the magnitude of the 
error in the measurement of mRNA levels is inversely propor- 
tional to the mRNA levels, (ii) SAGE tags from highly similar 
genes may not be distinguished and therefore are summed, (iii) 
some SAGE tags are from sequences in the 3' untranslated 
region of the transcript, (iv) incomplete cleavage at the SAGE 
tag site by the restriction enzyme can result in two tags repre- 
senting one mRNA, and (v) some transcripts actually do not 
generate a SAGE tag (34, 35). 

For the SAGE method, the error associated with a value 
increases with a decreasing number of transcripts per cell. The 
conclusions drawn from this study are dependent on the qual- 
ity of the mRNA levels from previously published data (35). 
Since more than 65% of the mRNA levels included in this 
study were calculated to 10 copies/cell or less (40% were less 
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FIG. 6. Effect of highly abundant proteins on Pearson product moment con-elation coefficient for mRNA and protein abundance in yeast. The set of 106 genes was 
ranked according to protein abundance, and the correlation value was calculated by including the 40 lowest-abundance genes and then progressively including the 
remaining 66 genes in order of abundance. The correlation value climbs as the final 11 highly abundant proteins are included. 



than 4 copies/cell), the error associated with these values may 
be quite large. The mRNA levels were calculated from more 
than 20,000 transcripts. Assuming that the estimate of 15,000 
mRNA molecules per cell is correct (16), this would mean that 
mRNA transcripts present at only a single copy per cell would 
be detected 72% of the time (35). The mRNA levels for each 
gene were carefully scrutinized, and only mRNA levels for 
which a high degree of confidence existed were included in the 
correlation value. 

Protein abundance was determined by metabolic radiolabel- 
ing with [ 35 S]methionine. The calculation required knowledge 
of three variables: the number of methionines in the mature 
protein, the radioactivity contained in the protein, and the 
specific activity of the radiolabel normalized per methionine. 
The number of methionines per protein was determined from 
the amino acid sequence of the proteins identified by tandem 
mass spectrometry. For some proteins, it was not known 
whether the methionine of the nascent polypeptide was pro- 
cessed away. The N termini of those proteins were predicted 
based on the specificity of methionine aminopeptidasc (3J). If 
the N-terminal processing did not conform to the predicted 
specificity of processing enzymes, the calculation of the num- 
ber of methionines would be affected. This discrepancy would 
affect most the quantitation of a protein with a very low num- 
ber of methionines. The average number of calculated methi- 
onines per protein in this study was 7.2. We therefore expect 
the potential for erroneous protein quantitation due to un- 
usual N-terminal processing to be small. 



The amount of radioactivity contained in a single spot might 
be the sum of the radioactivity of comigrating proteins. Be- 
cause protein identification was based on tandem mass spec- 
trometry techniques, comigrating proteins could be identified. 
However, comigrating proteins were rarely detected in this 
study, most likely because relatively small amounts of total 
protein (40 jxg) were initially loaded onto the gels, which re- 
sulted in highly focused spots containing generally 1 to 25 ng of 
protein. Because of the relatively small amount loaded, the 
concentrations of any potentially comigrating protein would 
likely be below the limit of detection of the mass spectrometry 
technique used in this study (1 to 5 ng) and below the limit of 
visualization by silver staining (1 to 5 ng). In the overwhelming 
majority of the samples analyzed, numerous peptides from a 
single protein were detected. It is assumed that any comigrat- 
ing proteins were at levels too low to be detected and that their 
influence in the calculation would be small. 

The specific activity of the radiolabel was determined by 
relating the precise amount of protein present in selected spots 
of a parallel gel. as determined by quantitative amino acid 
composition analysis, to the number of methionines present in 
the sequence of those proteins and the radioactivity deter- 
mined by liquid scintillation counting. It is possible that the 
resulting number might be influenced by unavoidable losses 
inherent in the amino acid analysis procedure applied. Because 
four different proteins were utilized in the calculation and the 
experiment was done in duplicate, the specific activity calcu- 
lated is thought to be highly accurate. Indeed, the specific 
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FIG. 7. Relationship between codon bias and protein and mRNA levels in this study. Yeast mRNA and protein expression levels were calculated as described in 
Materials and Methods. The data represent the same 106 genes as in Fig. 5. 



activities calculated for each of the four proteins varied by less 
than 10%. Any inconsistencies in the calculation of the specific 
activity would result in differences in the absolute levels calcu- 
lated but not in the relative numbers and would therefore not 
influence the correlation value determined. 

The protein quantitative method used eliminates a number 
of potential errors inherent in previous methods for the quan- 
titation of proteins separated by 2DE, such as preferential 
protein staining and bias caused by inequalities in the number 
of radiolabeled residues per protein. Any 2D gel -based method 
of quantitation is complicated by the fact that in some cases the 
translation products of the same mRNA migrated to different 
spots. One major reason is posttranslational modification or 
processing of the protein. Also, artifactual proteolysis during 
cell lysis and sample preparation can lead to multiple resolved 
forms of the protein. In such cases, the protein levels of spots 
coded for by the same mRNA were pooled. In addition, the 
existence of other spots coded for by the same mRNA that 
were not analyzed by mass spectrometry or that were below the 
limit of detection for silver staining cannot be ruled out. How- 
ever, since this study is based on a class of highly expressed 
proteins, the presence of undetected minor spots below silver 
staining sensitivity corresponding to a protein analyzed in the 
study would generally cause a relatively small error in protein 
quantitation. 

Codon bias is a measure of the propensity of an organism to 
selectively utilize certain codons which result in the incorpo- 
ration of the same amino acid residue in a growing polypeptide 
chain. There are 61 possible codons that code for 20 amino 
acids. The larger the codon bias value, the smaller the number 
of codons that are used to encode the protein (19). It is 



thought that codon bias is a measure of protein abundance 
because highly expressed proteins generally have large codon 
bias values (3, 13). 

Nearly all of the most highly expressed proteins had codon 
bias values of greater than 0.8. However, we detected a number 
of genes with high codon bias and relative low protein abun- 
dance (Fig. 7). For example, the expressed gene with both the 
second largest protein and mRNA levels in the study was 
EN02YEAST (775,000 and 289.1 copies/cell, respectively). 
EN01_YEAST was also present in the gel at much lower 
protein and mRNA levels (44,200 and 0.7 copies/cell, respec- 
tively). The codon bias values for EN02 and ENOl are similar 
(0.96 and 0.93, respectively), but the expression of the two 
genes is differentially regulated. Specifically, ENOIYEAST is 
glucose repressed (6) and was therefore present in low abun- 
dance under the conditions used. Other genes with large codon 
bias values that were not of high protein abundance in the gel 
include EFTL TIF1, HXK2, GSP1, EGD2, SHM2, and TALI. 
We conclude that merely determining the codon bias of a gene 
is not sufficient to predict its protein expression level. 

Interestingly, codon bias appears to be an excellent indicator 
of the boundaries of current 2D gel proteome analysis tech- 
nology. There are thousands of genes with expressed mRNA 
and likely expressed protein with codon bias values less than 
0.1 (Fig. 4A). In this study, we detected none of them, and only 
a very small percentage of the genes detected in this study had 
codon bias values between 0.J and 0.2 (Fig. 4B). indeed, in 
every examined yeast proteome study (5, 7. 13, 28) where the 
combined total number of identified proteins is 300 to 400, this 
same observation is true. It is expected that for the more 
complex cells of higher cukaryotic organisms the detection of 
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low-abundance proteins would be even more challenging than 
for yeast. This indicates that highly abundant, long-lived pro- 
teins are overwhelmingly detected in proteome studies. If pro- 
teome analysis is to provide truly meaningful information 
about cellular processes, it must be able to penetrate to the 
level of regulatory proteins, including transcription factors and 
protein kinases. A promising approach is the use of narrow- 
range focusing gels with immobilized pH gradients (IPG) (23). 
This would allow for the loading of significantly more protein 
per pH unit covered and also provide increased resolution of 
proteins with similar electrophoretic mobilities. A standard pH 
gradient in an isoelectric focusing gel covers a 7-pH-unit range 
(pH 3 to 10) over 18 cm. A narrow-range focusing gel might 
expand the range to 0.5 pH units over 18 cm or more. This 
could potentially increase by more than 10-fold the number of 
proteins that can be detected. Clearly, current proteome tech- 
nology is incapable of analyzing low-abundance regulatory pro- 
teins without employing an enrichment method for relatively 
low-abundance proteins. In conclusion, this study examined 
the relationship between yeast protein and message levels and 
revealed that transcript levels provide little predictive value 
with respect to the extent of protein expression. 
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^jacts. If these minor cell proteins differ among cells to the same extent as the 
.pore abundant proteins, as is commonly assumed, only a small number of pro- 
in differences (perhaps several hundred) suffice to create very large differences 
k cell morphology and behavior. 

H Cell Can Change the Expression of Its Genes 
in Response to External Signals 3 

Most of the specialized cells in a multicellular organism are capable of altering 
tjjeir patterns of gene expression in response to extracellular cues. If a liver cell 
is exposed to a glucocorticoid hormone, for example, the production of several 
specific proteins is dramatically increased. Glucocorticoids are released during 
periods of starvation or intense exercise and signal the liver to increase the 
production of glucose from amino acids and other small molecules; the set of 
proteins whose production is induced includes enzymes such as tyrosine amino- 
transferase, which helps to convert tyrosine to glucose. When the hormone is no 
longerpr esent » the production of these proteins drops to its normal level. 

Other cell types respond to glucocorticoids in different ways. In fat cells, for 
example, the production of tyrosine aminotransferase is reduced, while some 
other cell types do not respond to glucocorticoids at all. These examples illustrate 
a general feature of cell specializatior^different cell types often respond in dif- 
ferent ways to the same extracellular signal. Underlying this specialization are 
features that do not change, which give each cell type its permanently distinc- 
tive character. These features reflect the persistent expression of different sets of 
genes. 



Gene Expression Can Be Regulated at Many of the Steps 
in the Pathway from DNA to RNA to Protein 4 

If differences between the various cell types of an organism depend on the par- 
ticular genes that the cells express, at what level is the control of gene expression 
exercised? There are many steps in the pathway leading from DNA to protein, and 
all of them can in principle be regulated. Thus a cell can control the proteins it 
makes by (1) controlling when and how often a given gene is transcribed (tran- 
scriptional control), (2) controlling how the primary RNA transcript is spliced or 
otherwise processed (RNA processing control), (3) selecting which completed 
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con- 
trol), (4) selecting which mRNAs in the cytoplasm are translated by ribosomes 
(translational control), (5) selectively destabilizing certain mRNA molecules in 
foe cytoplasm (mRNA degradation control), or (6) selectively activating, inacti- 
vating, or compartmentalizing specific protein molecules after they have been 
made (protein activity control) (Figure 9-2). 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 9-2, only transcrip- 
onal control ensures that no superfluous intermediates are synthesized. In the 




transcriptional 
Control 



Figure 9-2 Six steps at which 
eucaryote gene expression can be 
controlled. Only controls that operate 
at steps 1 through 5 are discussed in 
this chapter. The regulation of protein 
activity (step 6) is discussed in 
Chapter 5; this includes reversible 
activation or inactivarion by protein 
phosphorylation as well as 
irreversible inactivation by proteolytic 
degradation. 
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foDowing sections we discuss the DNA and protein components that regulate the 
initiation of gene transcription. We return at the end of the chapter to the other 
ways of regulating gene expression. 

Summary 

The genome of a cell contains in its DNA sequence the information to make many 
thousands of different protein and UNA molecules. A cell typically expresses only a 
fraction ofits genes, and the different types of cells in multicellular organisms arise 
because different sets of genes are expressed. Moreover, cells can change the pattern 
of genes they express in response to changes in their environment, such as signals from 
other cells. Although all of the steps involved in expressing a gene can in principle be 
regulated, for most genes the initiation ofRNA transcription is the most important 
point of control 



DNA-binding Motifs in Gene 
Regulatory Proteins 5 

How does a cell determine which of its thousands of genes to transcribe? As dis- 
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory 
region of DNA near the site where transcription begins. Some regulatory regions 
are simple and act as switches that are thrown by a single signal. Other regula- 
tory regions are complex and act as tiny microprocessors, responding to a vari- 
ety of signals that they interpret and integrate to switch the neighboring gene on 
or off. Whether complex or simple, these switching devices consist of two fun- 
damental types of components: (1) short stretches of DNA of defined sequence 
and (2) gene regulatory proteins that recognize and bind to them. 

We begin our discussion of gene regulatory proteins by describing how these 
proteins were discovered. 



Gene Regulatory Proteins Were Discovered Using 
Bacterial Genetics 6 

Genetic analyses in bacteria carried out in the 1950s provided the first evidence 
of the existence of gene regulatory proteins that turn specific sets of genes on 
or off. One of these regulators, the lambda repressor, is encoded by a bacterial 
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for 
the protein components of new virus particles and thereby enables the viral ge- 
nome to remain a silent passenger in the bacterial chromosome, multiplying with 
the bacterium when conditions are favorable for bacterial growth (see Figure 
6-80). The lambda repressor was among the first gene regulatory proteins to be 
characterized, and it remains one of the best understood, as we discuss later. 
Other bacterial regulators respond to nutritional conditions by shutting off genes 
encoding specific sets of metabolic enzymes when they are not needed. The lac 
repressor, for example, the first of these bacterial proteins to be recognized, turns 
off the production of the proteins responsible for lactose metabolism when this 
sugar is absent from the medium. 

The first step toward understanding gene regulation was the isolation of 
mutant strains of bacteria and bacteriophage lambda that were unable to shut 
off specific sets of genes. It was proposed at the time, and later proved, that most 
of these mutants were deficient in proteins acting as specific repressors for these 
sets of genes. Because these proteins, like most gene regulatory proteins, are 
present in small quantities, it was difficult and time-consuming to isolate them. 
They were eventually purified by fractionating cell extracts on a series of stan- 
dard chromatography columns (see pp. 166-169). Once isolated, the pro- 
teins were shown to bind to specific DNA sequences close to the genes that they 



Figure 9-3 Double -h eli cal structure 
of DNA. The major and minor grooves 
on the outside of the double helix are 
indicated. The atoms are colored as 
follows: carbon, dark blue; nitrogen, 
light blue; hydrogen, white; oxygen, 
red; phosphorus, yellow. 



404 Chapter 9 : Control of Gene Expression 




methylation of most 
CG sequences in 
germ line 



many millions of years I 
of evolution I 



RNA 



-l 



1000 nucleotide pairs 



Mgure9-71 A mechanism to explain 
both the marked deficiency of CG 
sequences and the presence of CG 
islands in vertebrate genomes. A 
black line marks the location of an 
unmethylated CG dinucleotide in the 
DNA sequence, while a red line marks 
the location of a methylated CG 
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Summary 

The many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many spe- 
cialized animal cells can maintain their unique character when grown in culture, the 
gene regulatory mechanisms involved in creating them must be stable once estab- 
lished and heritable when the cell divides, endowing the cell with a memory of its 
developmental history. Procaryotes and yeasts provide unusually accessible model 
systems in which to study gene regulatory mechanisms, some of which may be rel- 
evant to the creation of specialized cell types in higher eucaryotes. One such mecha- 
nism involves a competitive interaction between two (or more) gene regulatory pro- 
teins, each of which inhibits the synthesis of the other; this can create a flip-flop 
switch that switches a cell between two alternative patterns of gene expression. Di- 
rect or indirect positive feedback loops, which enable gene regulatory proteins to 
perpetuate their own synthesis, provide a general mechanism for cell memory. 

In eucaryotes gene transcription is generally controlled by combinations of gene 
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism 
contains a specific combination of gene regulatory proteins that ensures the expres- 
sion of only those genes appropriate to that type of cell A given gene regulatory pro- 
tein may be expressed in a variety of circumstances and typically is involved in the 
regulation of many genes. 

In addition to diffusible gene regulatory proteins, inherited states of chromatin 
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver- 
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions 
about gene expression that are made initially by other mechanisms. 



Posttranscriptional Controls 

Although controls on the initiation of gene transcription are the predominant 
form of regulation for most genes, other controls can act later in the pathway 
from RNA to protein to modulate the amount of gene product that is made. Al- 
though these posttranscriptional controls, which operate after RNA polymerase 
"as bound to the gene's promoter and begun RNA synthesis, are less common 
toan transcriptional control, for many genes they are crucial. It seems that every 
step in gene expression that could be controlled in principle is likely to be regu- 
at ed under some circumstances for some genes. 

We consider the varieties of posttran scrip tionaJ regulation in temporal or- 

er j acc °rding to the sequence of events that might be experienced by an RNA 

°fecule after its transcription has begun (Figure 9-72). 
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transcriptional controls on gene 
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controls are likely to be used for any 
one gene. 
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